
EOORKEE TREATISE ON CIVIL ENGINEERING 


SECTION XIII 



BY 

Major B* H. dbV. ATKINSON, b.e. 
Principal, Thomason Givil Engin eermg College, Roorhee^ 

REVISED BY 

0. J. VEALB, F.B.A.S., P.R.G.S, 

Professor, Survey and Drawing Thomason, Civil 
Engineering, College, Roorhee 



ALL AH ABAC : 

StTPERINTENDENT, PRINTING AND STATIONERY^ UNITED PROVINCES, l-NDt^i 

19 48 . 

On Sale at the Book Depot, Thomason College, Roorkee. 

[_AU rights reserved by the Secretary of State for India in Gouncilf^ 

Price, Rs. 4.] 

1 




TEEFAGE TO THE EOOEKEE TEEATISE ON CIVIL 
ENGINEEEING IN INDIA 


The Eoorkee Treatise was originally compiled by Lieult.-Col. J. G. 
Medley, E.E., in 1866 and issued in two volumes. 

The Treatise grew out of the various College Manuals, dealh^ig for 
Ihe most part with subjects which required special treatment to suit 
the climate and methods used in India, and has been constantly revised 
■ and re-written. It is found advisable now to publish the Treatise in 
-separate Sections, so that each Section can be re-written or revised and 
brought up to date whenever opportunity occurs, .to keep pace with 
modern methods and discoveries. 
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DRAWING FOR ENGINEERING STUDENTS 

PART I 

PREFACE 

The chief aim in compiling this Manual has been to indnde in it 
only such information as is generally necessary to the various grades 
of Engineers educated in the College. It is divided into two parts. 
Part I is a preparatory course and with Part II that for Engineers and 
Draftsmen. 

Among the books consulted are — ^Pulford’s Theory and Practice of- 
'Drawing, Chambers’-' Treatise on Civil Architecture, Leoni’s Architec- 
ture of Palladio, Atkinson’s Practical Solid Geometry, and Watson’s 
'Descriptive Geometry^. 


March, 1922. 


O.I.V. 
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PARTI 

CHAPTER I , 

Deawing Papee — Insteuments — Copying and 
. Reducing Deawings 

Drawing paper — The paper, of good quality but not too highly* 
glazed, should present as smooth a surface as possible. Anything that: 
tends to destroy the surface, such as erasures, excessive rubbing with. 
India-rubber, washing, etc., should be avoided as much as possible. 
If India-rubber is necessary, it should be used sparingly, and pressed, 
very lightly on the paper. 

Bread should bu used instead of India-rubber when possible. 

Eor survey work, or any work requiring accuracy, the paper should. 
never be wetted, stretched or mounted on a drawing board, on account 
of the distortion that takes place when the stretched paper is cut off.. 
Unequal expansion or contraction should above all things be. guarded, 
against. 

If the paper is buckled and requires -flattening, the following method, 
should be employed : Mount the paper as described on page 3. When 
nearly dry, cut it off the board, and j)lace the sheets flat in a drawer,, 
where they must be allowed to remain for three weeks at least, till they 
are thoroughly seasoned. 

During the time occupied in plotting an extensive survey, the paper; 
which receives the work is affected by the changes which take place in 
the hygrometrical state of the air, and the parts laid down from the- 
same scale, at different times, will not exactly correspond unless this- 
scale has been first laid down upon the paper itself, and all the dimen- 
siqns have been taken from the scale so laid down.. 

. Eor plotting an extensive survey, and accurately filling in the;- 
minutiae, a, diagonal or vernier scale may advantageously be laid down 
upon the paper upon, which the drawing is to be made. A vernier- 
scale is preferable to a diagonal scale, because in the latter it is extiumely 
difficult to draw the diagonals with accuracy, and there is no check 
on its errors; while in the former the uniform manner in which the- 



CHAPTER I 
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strokes of one scale separate from those of the other is some evidence 


■of the truth of both. The 

construction of 

scales will 

be treated of 

further on. 

Drawing paper, properly 

so called, is made to certain standard sizes 

as follows : 

Demy 

28 inch 

es by 1 5|- inches. 

Medium 

... 22|. „ 

„ 17| 


Royal 

... 24 

» m 

1 1 

Super -Royal 

- 27i ■ „ 

„ 19J 

» 1 

Imperial 

... 30 

22 

) } 

Elephant 

.... 28 

„ 23 

» 

Culumbier 

35 „ 

231 

13 

Atlas 

• 34 „ 

• ,.26 

17 

Double Elephant 

... 40 „ 

27 

77 

Antiquarian . . 

... 53 „ 

„ 31 

•> 

Emperor 

... 68 

9) 41 



Of those, Double Elephant and Imperial are the most generally 
useful sizes. Whatman’s pressed paper is the quality most usually 
■employed for finished drawings. For ordinary sketching or working 
drawings, cartridge paper may be used. It bears the use of India- 
rubber well, receives ink on original undamped surface freely, shows 
a good line, but it does not take coloui’s or tints very well. Cartridge 
paper can be obtained in any length up to 200 yards and in width 
53 or 60 inches, and consequently is useful in certain cases. For deli- 
cate small-scale line-drawing, the thick blue paper, imperial size, such 
.as is made for ledgers, etc., answers exceedingly well. 

Tracing paper is a preparation of tissue paper^ rendered transparent 
and qualified to receive, ink lines and tinting without spreading. ‘When 
placed over a drawing already executed, the drawing is distinctly visible 
through the paper, and may be copied or traced directly in Indian ink; 
thus an accurate copy may be made with great expedition. Tracings 
may be folded and stowed away very conveniently ; but, if likely to be 
frequently used, they should be mounted on cloth, or on paper and cloth, 
with paste. 

Tracing paper may be prepared from Double Crown tissue paper 
by lightly and evenly sponging over one surface with a mixture of 


DEAWING PAPEE — INSTEUMENTS — COPYING AND EEDUCING DEAWINGS 3 '- 


one part of raw linseed oil or nut oil and five, pai’ts of turpentine. Five 
gills of turpentine, and one of oil, will go over from 1^- to 2 quires of 
twenty-four sheets.. 

Tracking cloth is a similar preparation of linen, and has the advan- 
tage of toughness and durability. 

In colouring drawings on tracing paper or tracing cloth, the colour 
must be laid on the reverse side of the -paper or cloth to that on which 
the lines are drawn. 

The colour laid on should be much darker than the tint requued in 
the drawing. 

Mounting Dr aiding 'payer on Drawing boards— The edges of the 
paper should be first cut straight, and as near as possible at right angles' 
with each other; also the sheet should be so much larger than the 
intended drawing and its margin, as to admit of being afterwards cut 
from the board. 

The paper must be first thoroughly and equally damped with a sponge 
and clean water, on the opposite side from that on tohich the draioing, 
is to he made. When the paper absorbs the water, which may be seen 
by the wetted side becoming dim, as its surface is viewed slantwise 
against the light, it is to be laid on the drawing board with the wetted 
side downwards, and placed so that its edges may be nearly parallel 
with those of the board : otherwise in using a T-square inconvenience 
may be experienced. 

This done, lay a straight flat ruler on the paper with its edge parallel 
to, and about half an inch from, one of its edges. The ruler must now 
be held firmly while the projecting half inch of paper is turned up- 
along its edge; then a brush containing strong paste must be passed 
once or twice along the turned up edge, after which by sliding the 
ruler over the pasted border the paper will again be laid flat, and the- 
rule, being pressed down upon it, that edge of the paper will adhere 
to the board. In exactly the same manner fix down an adjoining edge, 
after which paste the longer of the two remaining edges and finally the 
shorter edge. If the opposite and parallel edges of the paper are pasted' 
first, a much greater degree of care is requued to prevent undulations- 
appearing as the paper dries, and even then success is not always certain. 
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The mounted paper should be allowed to dry gradually/ and the process 
should not be hastened by putting it before a fire or in the strong sunshine, 
otherwise the unpasted portion, which dries more quickly than -the 
pasted portion, is very apt to tear itself away from the pasted border. 

A small quantity of alum is a very good thing to mix with the paste, 
for it not only enhances the adhesive properties of the paste, but the 
^drawing, when dry, is not so stiff as if paste only is used. 

Mounting Drdioing pajjer on Canvas or Linen — Large sheets, 
•destined for rough usage and frequent reference, should be mounted 
*on linen or canvas- The latter should be well stretched upon a smooth 
:flat surface, such as a drawing board or table, and its edges pasted down 
as recommended in stretching drawing paper. The flat surface on 
which the canvas is stretched must either be well varnished or well 
.greased (all superfluous grease being removed), for if this is not done, 
the subsequent operations will cause the canvas to stick to the surface.. 
The canvas being stretched, strong paste is to be spread upon it with a 
brush (this is not necessary if fine linen be used) and is to be beaten in 
•till the grain of the canvas is all filled up, this, when dry, will prevent 
-the canvas from shrinking when subsequently removed. Having cut 
the edges of the paper straight, paste one side of every sheet, and lay 
them upon the canvas sheet by sheet, overlapping each other a snaall 
.qi;iantity. If the drawing paper is strong, it is better to let every sheet lie 
for some five minutes after the paste is put on it; for as the paste soaks 
.in, the paper will stretch, and ma}’ be better spread smoothly on the 
nanvas, whereas if it be laid on before the paste has moistened the 
paper, it will stretch afterwards and rise in blisters when laid upon the 
manvas. When the paste has soaked in, it is as well therefore to go again 
mver the paper with the paste brush containing veiy little paste; this 
is done to moisten the whole surfare again and to take off any lumps or 
•superfluous paste ; it should then be placed on the canvas as gently as 
possible, and the centre be pressed down on to the canvas by means 
of a cloth or something soft; from that work outwards towards the 
• edges, the lines of pressure exerted always tending from the centre. 
.Air bubbles between the canvas and paper may be got rid of by punctur- 
ing the spot with a fine needle and then pressing it down with a hand- 
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kerchief. The paper should not be cut off until thoroughly dry, neither 
•should the drying be hastened, but allowed to take place in a dry room. 

The pencil, either an F or an H, should have a moderately fine point 
u,nd when, being used, should be gently pressed upon the paper, and 
, slightly inclined' in the direction in which the line is being drawn, care 
being taken to keep it, throughout the operation, in the same position 
with reference to the ruler. 

The point should be cut chisel shaped and not conical. The lead 
can be best kept sharp on a small smooth file, or a piece of fine glass 
paper. 

Indian Ink — If a stick of ink is used^ it should be carefully rubbed 
up with water, free from grit, and above all, not too thick. One or' 
two trials (by drawing two or thi'ee lines on a piece of waste paper), 
while the ink is being prepared, will ensure a proper consistency. 

Great care should be taken to see that it is worked up sufficiently 
to ensure a thoroughly black line. 

Fresh ink should be' prepared daily, as stale ink cannot produce neat 
work and black lines. 

Liquid Indian ink, however, can now be obtained of excellent quality, 
and is in many ways more convenient to use than stick Indian ink. 

Instruments — A case of Instruments generally contains — 

(d) Compasses with movable 
parts — (1) Plain 

Point; (2) Pencil 

Point; (3) Ink 

Point; (4) Leng- 

thening Bar. 

(5) Ink Bow Compass. 

(c) Pencil Bow Compass. 

(d) A set of spring Bow^s— 

(1) Dividers ; (2) 

(3) Pencil. 


(c) Drawing Pens. 

(./) Plain Dividers. 

(g) Parallel Euler, 

(/i) Pricker. 

{i) Protractor. 
ij) Marquois’ Scales. 

(k) Sector. 

(l) Proportional Compass. 
(}}i) Curves. 





6 


CHAPTER I 


Cheap cases do not contain all these instruments, while ’ some 
Draftsmen use many other varieties. Other useful instruments are — 

(1) Set squares. (3) A Beam Compass. 

(2) T-square. (4) Pump Bow Compass. • 

Compasses should be held at the top between the forefinger and 
thumb, with one or more fingers under the hinge to increase or diminish 
the distance between the points gradually and without a jerk; in all 
cases the steel point should be guided by thp finger of the other hand 
to the centre of the chnle to be drawn, or to the line dr scale to be 
measured. When several concentric circles are to be drawn, great care 
is requisite to avoid enlarging the centre hole. Persons unaccustomed 
to the use of compasses are very apt to turn them over and over in the 
same dhection when spacing off a number of equal distances on the 
divisions of a scale. This necessitates a constant change of the hold 
by means of the finger and thumb, which often causes the point of the 
compass to be forced into the paper, or to be jerked off the point fixed- 
altogether. To obviate this, the points of the dividers should be worked 
alternately above and below the line along which the divisions are being 
set off ; by this means the manipulation will be much more delicate, and 
there will be no liability of the compasses shifting. 

The Drawing Pen — ^In using a pen, first of all dip the blades in 
water and then wipe them diy; then with a clean nib or piece of paper 
take up some ink and insert it between the nibs. The pen is now 
ready for use. [Hold the pen firmly against the ruler, and, as in the 
case of the pencil, slightly inclined in the direction of the line to be 
drawn; be very careful to make both nibs touch the paper, to preserve 
an even pressure and the same position of the pen with regard to the 
paper and ruler throughout, and a slow but equal motion along the ruler. 
By attending to these points, the pen will mark throughout the whole 
length of the line, an equal thickness of line will be secured, and rugged 
edges avoided. If after working some time- it is found that the ink 
does not run freely from the pen, it may be amended by passing a small 
slip of paper between the nibs. Above all things the paper must be 
kept clean : it should not be touched by the hands more than possible, 
as the hand makes the paper greasy; and when once the, paper has 
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acquired this defect, clean shai];) lines are impossible. In inking in 
over iiencil lines, M'Ork from the top of the j)aper toM-ards the bottom; 
this Yvdll jirevent any risk of smearing.. The pen should be carefully 
cleaned and dried before being laid aside. 

Parallel Eulers — T hese are of two kinds — 

(1) The Plain Parallel ruler. This should be tested to see that the . 
distances between the pivots on the rules and the length of the bars 
are exactly equal in each case. 

(2) The Polling Parallel ruler. This should be heavy enough to 
ensure stability. Ifc can be tested by running it in one direction and 
ruling two parallel lines and then reversing the run and noting the error,, 
if any, between the lines drawn at the end of each run. 

For accurate work it is best to avoid all j)arallel rulers and to use* 
Marquois’ Scales. . 

Protractor — The most general use of the Protractor is for setting 
off upon paper any given angle, A variety of scales are, however, drawn 
on both sides of the instrument which are extremely convenient. 

The following is a detailed description of the method of using the 
Protractor : 


The Protractor is generally a rectangular piece of ivory or boxwood . 
6 inches long by If inches to 3 inches broad. Pound three of its edges . 
the angles are marked (the lines radiating from a point in tho centre 
of the fourth side) and should be numbered in tw^o rows, the outside 
from 0 to 180°, and the inside from 180° to 360°. The method of 
using it to set off an}' required angle is easily seen by an example. 

Suppose we wish to draw^ from the point G in the line CA another 
line making an angle of 40° with CA [Fig. 1, Plate 1]. Place at C the 
centre mark on the low^er edge of the protractor, and keeping it there,, 
move the protractor round till the line numbered 40°, on the radiated 
edge, coincides wdth GA. Draw* the line CD along the edge; DC A is 
the required angle, which has thus been simply transferred from the 
scale to the paper. 


o 


s 
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the line GA is not long enough to admit of the above con- 
struction, it will be necessaiy to place the lower edge of the protractor 
•on that line, with the centre on C [^Fig. 2, Pilate I], then to make a 
mark against the upper edge at the line indicating the required angle, 
nnd removing the protractor, draw a line through the two points. 

Protractors are usualty of two patterns ; The Draftsman’s pattern 
•and the Military pattern. 

The Draftsman’s pattern contains a variety of scales on both sides 
— they are simple scales. Those marked 0, 35, 40, 45'^ 50, 60 being 
•the same as those on the Marquois’ Scales described further on (page 9). 

These numbers simply representing the number of parts into which 
■the inch is divided, i.e., on the 30 scale, thirtieths of an inch can be 
“taken off; on the 40 scale, fortieths of an inch, and so on. The use of 
these scales is found when we have to employ for a drawing a scale such 
/that one of these divisions represents a convenient unit of measurement, 
.such as 1 foot, 1 yard, 10 feet, 10 yards, etc., etc. 

The scales marked In. etc., etc., are also simple proportional 

:scales. The numbers •§, |, etc., refer to the length of one division, 
which is divided into 12 parts. That marked In. being one inch long, 
that marked |, §th of an inch long, and so on. These scales are 
useful for measurements involving feet and inches on account of the 
duodecimal minor divisions. They are not generally so convenient, 
however, as the other scales just described. The diagonal scale is an 
ordinary one. The inch being divided into 10 parts, 1-lOOth of an 
inch being obtained by means of the diagonal lines, where the J inch 
is divided into 10 j)arts, we can, of course, obtain 1-200 th. of an inch. 
The principle of this and the method of construction will be explained 
further on. 

The scale marked Oho. is a scale of chords, and deserves attention. 
It is constructed in this manner : Take a quadrant AOB, Fig: 3, 
divide the arc into arcs of lO*", and number these, 10, 20, 30, up to 90, 
from B to A. Join AB, and with B as centre and radii from B to 
these various divisions describe arcs cutting AB, in the points 10, 20, 30, 










;^- 
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of the different arcs ; conse- 
Fig. 3. 



etc. These various radii are the chords 
qiiently AB -is called a scale of chords. 

Each scale will vary with the length of 
the radius; but Euclid IV, 15, proves 
that the side of a hexagon is equal to the 
radius of the circumscribing circle; or, in 
-other words, the radius of the circle — the 
•chord of 60°. 

To use the Scale — ^With centre C \_Fig. 

T, Plate I], and radius equal to the dis- 
tance from zero to 60 on the scale of 
chords ^Fig. 1, Plate I], describe an arc 
HK, cutting GA in H, and with centre H, 

and radius equal to the distance from zero to 40°, or other given angle, 
on the same scale of chords describe an arc intersecting HE in K, join 
CK; KCH is the required angle. 

This method of protracting angles is much to be preferred to simply 
laying them off by the protractor, as it is more accurate, and the greater 
the radius the greater the accuracy. 

The military pattern protractor generally differs from the above in 
having none of the above scales marked except the diagonal scale. As 
it is usually used for surveying purposes, in j)lace of the scales described 
above, scales of one, two, four, six and eight inches to the mile are 
given, together with a normal scale of horizontal equivalents (for descrip- 
tion see Survey Manual). The protractor can also be used as a clino- 
meter, by boring a small hole near the edge of the protractor and 
suspending a small weight by a thread. 

Marquois’ Scales — ^The box of Marguois' Scales contains two 
rectangular rulers and a right-angled triangle, of which the hypotenuse 
or longest side is three times the length of the shortest. Each ruler 
is a foot long, and has parallel to each of its edges, two scales, one 
placed close to the edge, and the other immediately within this, the 
outer being termed the artificial, and the inner the natural scale.. The 
divisions upon the outer scales are three times the length of those upon 
the inner scale, so as to bear the same proportion to each other that 
side of the triangle bears to the shorter. Each inner or 



the longer 
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natural scale is in fact a simply divided scale of equal parts having the 
primary divisions numbered from the left hand throughout the whole 
extent of the rule. In the artificial scales the zero point is placed in 
the middle of the edge of the rule, and the primary divisions are 
numbered both waj^s, from the centre point outwards. Each division 
on this scale is three times the length of a corresjponding division on 
the natural scale. The triangle has a short line drawn perpendicular 
to the hypoteJiuse, near the middle of it, to serve as an index or pointer;; 
and the longer of the two sides has a bevelled edge. 

The rectangular rulers have numbers 25, 30, 35, 40, 45, 50, 55, 60,. 
marked on each scale : these numbers simply show how many divisions- 
the inch is divided into on the natural scale : the artificial divisions being 
three times the natural divisions we are enabled by the method shown 
below to draw parallel lines from .^th to ^jj^hof an inch, apart, or any 
multiple of these fractions. 

To draw a line parallel to a given line at a given distance from it. 

1. Having applied the given distance to one of the natural scales- 
which is found to measure it most conveniently, place the. triangle with- 
its sloped edge coincident with the given line, or rather at such a small 
distance from it, that the . pen. or pencil passes directty over it when, 
drawn along this edge. 2. Set the rules closely against the hypotenuse,, 
making the zero point of the corresponding artificial scale coincide with, 
the index upon the triangle. 3. Move the triangle along the ruler, to- 
the left or right, according as the required line is to be above or below 
the given line, until the index coincides with the division or sub-division 
corresponding to the number of divisions or sub-divisions' of the natural 
scale, which measures the given distance, and the line drawn along the.- 
sloped edge in its new j)osition will be the line required. 

The proof of this is as follows : If ABC, Fig. 5, represent the- 


triangle in its new position, 
and the dotted lines repre- 
sent its original position, .by 
similar triangles ABC, A^AD. 

AD : •AA' = BC : BA = I : 3 
and, therefore AD contains as 
many divisions of the natural 
as AA^ contains of the artificial scale. 


Fig. 5. 
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Sector — The Sector is a ruler 12 inches long and about half an 
inch broad, joined in the centre so as to allow of its being folded together, 
in the direction of its depth. A sector either of wood or ivory is generally 
supplied with ordinary instrument boxes. A more detailed description 
■of its construction is therefore necessary. 

The most imjiortant scales and the ones which are really of most 
■service in geometrical construction are the line of lines, the line of chords, 
and the line of polygons. 


Line of Lines — The principle of the use of the line of lines is as 
iollows : — Let the lines AB, AC, represent a pair of sectoral lines, and 
BC, BE and transverse distances taken on this pair of lines; then, from 
the construction of the instrument AB = AC and AB,=AE, so that 


Fig. 6. 



AB:AC = AB:AE 

and the triangles ABC, ABE have the angle 
at A common, and the sides about the equal 
angle proportional (Euc. VI., 6); they are, 
therefore, similar. 

and AB: BC = AB : BE. 

From the above, the use of the line of 
lines is self-evident. Eor example : — 

To divide a line 3 'll inches long into 7 
•equal parts. Take the length of the line into the compasses, and 
having set one point in the division which is numbered 7, open the 
instrument till the other point of the compasses meets the 7th division 
on the other limb, then the distance between the two points marked 1, 
will obviously be the ~th parts. of the line as required, or equal to '44 
of an inch nearly ; but it inust be observed that owing to the inevitable 
imperfection and wear of all instruments, this distance must be stepped 
along the line to ascertain whether it may not require a small correction. 


EMmple 1 — To determine -^^ths of a line 3 inches long ; take that 
length in the compasses and open the sector until it coincides with 
the primary divisions 7, 7, when the distance between 2- and 2, is that 
required. 


Example 2 — To finds ^rds of a line 4' 09 inches long. \^Fig. 7, 
Plate!.'] 
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Since there are only 10 primary divisions , recourse must be had 
to the secondary divisions to solve this problem. In order to bring 
the construction some distance from the centre, which will insure the 
accuracy of the result, multi j)ly the numerator and denominator of the 
fraction by some number which will make the denominator w^hen sO’ 
multiplied near, but not greater than 100 : in this case 4 is a conve- 
nient multiplier; then ^ = p having taking off 4' 09 inches in the 

compasses, make that length a transvex’se distance at the secondarv 
division 92, then the transverse distance at 36 will give the part required. 

Note — A lateral distance is a distance measured from the centre along 
any sectoral line. 

A transverse distance is a distance measured from a point in one 
line of a pair of sectoral lines to the corresponding point in the other 
line. 

Line of Chords — 'This scale is similar to the one marked Cbo. on 
the protractor, and is used for the same purpose; but the double scales 
of chords on the sector are generally more useful than the single scale 
on the proti'actor; for the sector the radius with which the arc is 
to be described may be of any length between the transverse distance 
of 60 and 60. when the legs are closed, and that of the transverse of 60 
and 60 when the legs are opened as far as the instrument will admit 
of; but with the scale on the protractor, the arc described must always 
be of the same radius. 

To lay down an angle which shall contain a given number of 
degrees : — 

1. When the angle is less than 60°, say 46°. 

Make the transverse distance of 60 and 60 equal to the length of 
the radius of the circle,, and wdth that opening describe the arc BC 
[Fig. 8, Plate I.] Take the transverse distance of the given degrees 
46, and lay this distance on the arc from the point B to C. Join AC, 
AB ; the angle GAB is the one required. 

2. When the angle contains more than 60°, say 148°. 

Describe the arc BCD, making the radius equal to the transverse 
distance of 60 and 60, as before. Take the transverse distance of I or 
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T etc., of the given number of degrees, and lay this distance on the 
1-c twice or thrice, as from B to a, a to b and h to D. Join BA, AD; 
BAD is the angle required. 

3 When the required angle contains less than 5 , suppose 3-^ , 
it will be better to proceed thus :-With the given radius, and from 
the centre A, describe the arc D&, and from some point D lay oft 
the chord of 60°, thus giving the point G such that the angle ^ 

60°. From the same point D lay off in the same direction the c oi 

of 56?i° ( = 60°— ^ 

= 56?/°. Then the angle GAE is the angle required. 

Line of Polygons— The line of polygons is chiefly useful for the 
ready division of the circumference of a circle into any number of 
equal parts from 4 to 12; it forms, therefore, a ready means of 
inscribing regular polygons in a circle. To do this, set off the radius 
of the given circle (which is always equal to the side of the insciibed 
hexagon) as the transverse distance of 6 and 6 upon the line of po y- 
gons.'" Then the transverse distance of 4 and 4 will be the side of the 
inscribed square ; that of 5 and 6 the inscribed pentagon, that of 7 and 7 
the inscribed heptagon and so on. 

If it be requhed to form a polygon upon a given right line, set off 
the extent of the given line as a transverse distance between the points 
upon the line of polygons, answering to the number of sides of whjci 
the polvgon is to consist; as for a pentagon between 5 and 5, or an 
octagon between 8 and 8, then the transverse distance of 6 and 6 will 
be the radius of the circle which is to be described so as to contain the 
given line, if now we set off the length of this line round the circum- 
ference of the circle, we shall obtain a regular polygon of the required 

number of sides. _ . _ 

Proportional Compasses— These, though of great service, m many 

problems ivhich occur in plan drawing, are not supplied with the ordinary 
Instrument boxes. A description of the method of using them is, 

however, considered necessary. . . 

They consist of two equal and similarly formed parts or limbs AE 
and BD {see Fig. 9), opening upon a centre C, and- forming a double 
pair of compasses whose points are A, B, E, D. When shut up, the 
two limbs appear as one, and a small stud iixed m one fits into a notch 
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made in the other, and retains the iiistrimrent in its closed position. 
The adjustment of the instrunient must be made when both limbs 
coincide; as it is onh' in This position that the centre piece G can be 
moved up and down.' The chief use of the Troportional Compasses 
is to reduce or enlarge a drawing in any given pro- 
portion. To do this the centre C is shifted up or 
down as required, thereby shortening one set of 
legs and lengthening the other. The distance on the 
original drawing is measured off with one set of legs, 
and the distance shown by the other pair will be 
the corresponding length, reduced or enlarged finm 
the , original length in a ratio depending upon the 
position of the centre C. As in the Sector, various 
other geometrical constructions can be performed 
by means of the different scales given on either side 
of the limbs; it will be sufficient, however, to des- 
cribe the method of adjusting the instrument for 
laying off distances on a plan, the scale of which is 
to bear a certain proportion to that of a given plan. 

!On the face of each limb there are four sets of 
divisions, one denominated '‘Lines,'’ a second 
“Circles,” a third “Planes,” and the fourth 
‘‘Solids.” It is with the first of these, viz., the Line 
of Lines that we have to do. 

When the zero of the centre on the dove-tailed sliding piece is set 
to the division marked I on the line of lines and clamped by turning 
the mill headed screw C, any opening of the compasses will give 
equal distances at both extremities. Wren the zero is in a similar 
manner set to 2 on the line of lines, the proportions between the 
openings of the points A, B, and the corresponding opening of the 
points L, E, will be as 2 to 1, in other words, any distance set off by 
D, E, will be half the distance measured by A, B. Similarly if the 
zero be set to 3, the distance set off will be to the distance measured 
as 1 to 3, and so on for the other divisions which extend up to 10. 

Gueves — For curves are not circular, but variously elliptic or 
otherwise, ‘French” curves made of thin wood, of variable curvature 


E/fy. 9. 


Q ^ 



A B 



.1' “ -S'?;’'..' c-v-* 






'H- 




DRAWING PAPteR: — ^IN& xPDmDNPS — C uP^GNG AND EEDGCJNG DRAWINGS 15 

are veiy serviceable. The two examples (Figs. 10 and 11) have been 
toimd from experience to meet almost all the requirements of ordiiiarj' 
drawing practice. Whatever be the nature of the curve, some portion 
of one of these '‘French” curves will be found to coincide with its 
•commencement and other portions can be used to complete the curve. 

Fig. 10. 









“Frensh” Ciin-es — One-fourth full size. 

Fig. 11. 

SET-SQU.-iEES— A feW Set-.squares of ' 
various sizes are useful. They consist of 
iJi'iangular pieces of wood, celluloid or 
vulcanite. One angle is 'invariably a 
■right angle, and the other angles may be 
■'4:5, 30 and 60 degrees Set-squares are used 
.in conjunction with a straight-edge for 
drawing lines at right angles to each other, or for drawing parallel lines. 

T-sqtjaee — The T-square {Fig. 12) is a blade or “straight-edge” a, 
usually of mahogany, fitted at one end with a stock b, applied 

/. 12. 



French Curve — One*fourth ful 

size. 



Details of T-square. 
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transversely at right angles. The stock being so formed as to fit and 
slide against one edge of the board, the blade reaches over the surface, 
and presents an edge of its own at right angles to that of the board, 
by which parallel straight lines may be drawn upon the paper. To 
suit a 41-inch board the blade should measure 40 inches long clear 
of the stock, or one inch shorter than the board, to remove risk of 
injury by overhanging at the end : it should be 21 inches broad by 
^ inch thick, as this section makes it sufficiently stiff laterally and 
vertically. If thinner, the blade is too slight and too easily damaged 
by falls and other accidents, and is liable to warp; if thicker, it is- 
too heavy and cumbersome ; if broader, it is heavier without being 
stiffer. The tip of the blade may be secured from splitting by binding 
it with a thin strip inserted in a saw-cut as shown. The stock should 
be 14 inches long, to give sufficient bearing on the edge of the board, 2 
inches broad, and f inch thick, in two equal thicknesses glued together. 
With a blade and stock of these sizes a well-proportioned T-square may 
be made, and the stock will be heavy enough to act as a balance to the 
blade, and to relieve the operation of handling the square. The blade 
should' be sunk flush into the upper half of the stock on the inside, 
and very exactly fitted. It should be inserted full breadth, as shown 
in the figures; notching and dove-tailing is a mistake, as it weakens 
the blade and adds nothing to the security. The lower half of the 
stock should be only If inches broad, to leave a ^ inch check or lap, by 
which the upper half rests firmly on the board, and secures the blade 
lying flatly on the paper. 

One-half of the stock c {Fig, 13) is in some cases made loose, to 
turn upon a brass pin to any angle with the blade a and to be clenched 
by a screwed nut and washer.. The turning stock is useful for drawing 
parallel lines obliquely to the edges of the board. In most cases, 
however, the sector, and the other appendages above described, answer 
the purpose, and do so more conveniently. A square of this sort should 
be rather as an addition to the fixed square, and used only when the 
bevel edge is required as it is not so handy as the other. 
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The 

Fig. 


13, 



edges of the blade should be veiy slightly rounded, as the pen 
will thereby work the more freely. It is a mistake 
to chamfer the edges — that is, to plane them down 
to a very thin edge, as is sometimes done, with the 
object of insuring the correct position of the lines ; 
for the edge is easily damaged, and the pen is liable 
to catch or ride upon the edge, and to leave ink upon 
it. 

A small hole should be made in the blade near 
the end, by which the square may be hung up out 
of the way when not in use. 


Drawing square 
with Swivelling 
Stock. 


No varnish of any description should be applied 
to the T-square, or indeed to any of the wood instru- 
ments employed in drawing. The best and brightest varnish will soil 
the paper. The natural surface of the wood, cleaned and polished 
occasionally with a dry cloth, is the best and cleanest for working with. 

Beam Compasses— Beam compasses are used for setting off accurately 
distances which are beyond the sketch of an ordinary compass. 

They consist of two beam heads moving on a graduated bar of 

Fig. 14. 



wood or electrum.. Each beam head has a clamp to hold a pointer 
or pencil. One of these heads is fixed at one end of the bar, and is 
provided with a vernier screw for making fine adjustments, while the 
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othei is free to move up and down on the bar and can be clamped 
in any position. 

If a scale is given on the bar, it should never be used for accurate 
\vork, but distances should be taken direct from a scale drawn on the 
pajDer on which the plan has been plotted. Beam compasses are used to 
test the rectangular margins of sheet, and the perpendicularity of the 
line central meridian of a survey to a parallel of latitude, by the 
usual method of checking right angle, viz., measuring 3 and 4 (or their 
multiples) on the perpendiculars, and testing the hypotenuse with the 
■distance 5 for its multiples. 

Pump. Bow Compass — Besides the ordinarjf spring bow compasses 
a pump bow compass is also obtainable. It consists of a long steel 
needle arm encased in a sliding sleeve, to which is attached a removable 
ink or pencil point. It is by means of this sleeve that the pen or 
pencil point revolves freely round the needle arm, can be fitted from 
the f)aper after drawing a cixule, and adjusted for a different radius. 

This new pattern compass has proved very useful for drawdng small 
circles with ease, accuracy and quickness in survey plots or other drawings 
containing a large number of small circles. It is supplied in a separate 
■case. 

Copying and Reducing Drawing— Copying Plans, Maps, etc., hy hand 
There are several methods of doing this when the copy is to be of 
the same size as the original, such as placing the plan to be copied 
with a sheet of paper over it on tracing glass, placed in such a position * 
that a strong light may fall on it from behind and then tracing it off. 
•Or by placing a sheet of thin paper, having its under side blackened 
(by rubbing finely powdered black lead, or a soft lead pencil over it), 
■on the sheet of paper that is to receive the copy, the original being- 
placed over both, and the whole made steady by placing weights thereon : 
all the lines of the copy must now be carefully ■ passed over with a fine 
tracing point, and with a pressure proportionate to the thickness of the 
paper : the paper beneath will receive corresponding marks forming an 
exact copy, which may afterwards be inked in. All these systems of 
■copying hurt, m a more or less degree, the original drawing. Tracing 
oloth is generally used in Engineer’s office.. This cloth admits of very 
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fine detail work being traced off, and will j)ermit colour being applied. 
The colour should be applied on the reverse side of the cloth, as it is- 
difficult to get it to lay evenly on the cloth. Such unevenness in a flat 
shade scarcely shows when seen through the tracing cloth. Tracing 
paper was formerly much used, but has now been entirely superseded by 
tracing cloth. In India tracing j^aper soon gets dry and brittle, and will 
not stand handling. 

When the drawing is to be reduced or enlarged, the Pantagraph,. 
Eidograph, the Method of Copying Squares, or the lens, must be- 
resorted to. 

The Pantagraph consists of four rulers, AB, AC, BE, and EE 
(Fig, 15)^ made of stout brass. The two longer rulers, AB and AC,., 
are connected together at A, and have a motion round it as a centre. 
The two shorter rulers are connected in like manner with each other 
at E, and with the longer rulers at B and E, and being equal in lengtli 
to the jiortions AB and AE of the longer rulers, form with them an 
accurate parallelogram, ABEE, in every position of the instrument. 
Several ivory castors support the instrument, parallel to the paper,, 
and allow it to move freely over it in all directions. The arms, AB 
and BE are graduated and marked -I, i', etc., and have each a sliding: 
index, which can be fixed at any of the divisions by a milled-headed 
clamping screw, seen in the engraving. The sliding indexes have 
each of them a tube, adapted either to slide on a pin rising from a 
heavy circular weight, called the fulcrum, or to receive a sliding holder- 
with a pencil or pen, or blunt tracing point as may be required. 

When the instrument is correctly set, the tracing point, pencil 
and fulcrum will be in one straight line, as shown b}^ the dotted line- 
in the figure. The motions of the tracing point and pencil are then, 
each compounded of two circular motions, one about the fulcrum,, 
and the other about the joints at the ends of the rulers upon which 
they are respectively placed.. The radii of these motions form sides- 
about equal angles of two similar triangles, of which the straight line- 
G-G, -passing through the tracing point, pencil and fulcrum, forms 
the third side. The distances passed over by the tracing point and, 
pencil, in consequence of either of these motions, have then the same- 
ratio: ' therefore, the distances passed over, in consequence of the- 
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combination of the two motions, have also the same ratio, which is 
that indicated by the setting of the instrument. 

The diagram represents the pantagraph in the act of reducing a 
plan to a scale of half the original. For this purpose the sliding 
indexes are first clamped at the divisions upon the marks marked 
the tracing point is then fixed in a socket at C, over the original 
drawing; the pencil is next placed in the tube of the sliding index 
upon the ruler DF, over the paper to receive the copy; and the fulcrum 
is fixed to that at G- upon the ruler AB. The instrument being now 
ready for use, if the tracing point at C be passed delicately and steadily 
over every line of the plan, a true copy, but of one-half the scale of 
the original will be marked by the pencil on the paper 
beneath it.. The fine thread represented as passing from the pencil 
quite round the instrument to the tracing point at 0, enables the 

Fig, 15. 



draftsman at the tracing point to raise the pencil from the paper, 
whilst he passes the tracer from one part of the original to another, 
and thus to prevent false lines from being made on the copy. The 
pencil holder is surmounted by a cup, into which , sand or shot may 
be put, to press the pencil more heavily on the paper, when found 
necessary. 

If the object is to enlarge the drawing to double its scale, then 
the tracer must be placed upon the arm DF, and the pencil at C ; 
and if a copy is required of the same scale as the original, then the 
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sliding indexes still remaining at the same divisions upon DF and AB, 
the fulcrum must take the middle station, and the pencil and tracing 
point those on the exterior arms, AB and AO, of the instrument. 

The Eidograph, which is represented in the accompanying engrav- 
ing {Fig. 16), is a far superior instrument to the pantagraph. 

It has but one, in place of several points of support on the drawing, 
and is susceptible of more accmute adjustment. It can be used to 
reduce plans in any desired proportion, instead of following fixed 
fractions. 

The point of support when the instrument is at work is a heavy 
weight shown at H, from the under side of which three or four project- 
ing needle points fix the instrument firmly to the drawing paper.. 
Springing from this weight is a short standard or fulcrum, attached 
to a sliding box, K, in which slides the centre beam, G, and to any part 
of which it may be clamped by means of a clamping screw. 

At the ends of the central beam are two pulley wheels, J, J, the 
centre pins of which revolve in sockets at the ends of the beam. Two 
steel bands, I, I, attached to the pulley wheels; give them an exactly 
simultaneous motion, and these bands have a screw adjustment-, L, 
by means of which they may be tightened. 

The arms A and B are made to slide through boxes under the 
pulley wheels, and may be clamped at any proportion of their lengths 
in the same manner as the central beam, G, may be made to slide 
and clamp in the box K. 

The arm B carries a tracing point, G, and the arm A carries a 
pencil point, B. The pencil holder may be raised by means of a 
cranked lever, F, attached to a cord, E, which passes over the central 
beam, and thence to the tracing point, G. 

The two arms and the beams are divided into 200 equal parts, 
which are figured 100 each way from the centre and may be read 
to 1000th by means of the verniers on the sliding boxes. 

There is a loose weight which may be attached when the instrument 
of which has been set, the ogject is. to steady it when there is a great 
difference in the proportions to which the instrument is being worked. 
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they are turned in a lathe, this equality may be obtained to the greatest 
pej-fection. 

To bring the instrument into adjustment let the verniers be set 
to zmfj which will bring them to the centres of the arms and of the 
central beam; place the arms at right angles to the beam, as near 
as you may guess, and make a mark with the tracer and pencil point, 
and turn the instrument round so as to bring the pencil point into the 
mark made by the tracer; by doing this you will make the tracer 
move exactly to the mark preAuously made by the pencil, if the 
instrument is in adjustment; otherwise the error in difference should 
be bisected, and the adjusting screws on the band should be moved 
until the tracing point comes exactly into the bisection. 

The following is the ordinary rule for using the instrument : — ‘ 
‘'Multiply the difference between the denominator and numerator 
by 100, and divide the result by the sum.” For example, to reduce 
to ^ of the original 
100 (2—1) 100 

3 ~ 3 ' 

Set this number on all three arms. 
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Copying or reducing a drawing by means of squares— Let Big. 
17 in the annexed engraving represent a plan of an estate, winch it 
required to copy to a reduced scale of one-half. The copy will theie- 
fore be half the, length and half the breadth, and consequently will 
occupy but one-fourth the space of the oiiginal. 

Draw -the lines FI, FG, at right angles to each other; from the 
point F towards I and G, set ofi any number of equal parts, as Fa, ah, 
be, etc., on the line FI and Fi, ik, Id, etc., on the line FG, from the 
points in the line FI, draw lines parallel to the other line FG, as aa, 
hh, Gc, etc., and from the points on FG, draw lines parallel to FI, as 
ii’kk, n, etc., which being sufficiently extended towards I and G, the 
whole of the original drawing will be covered with a network of small 
but equal squares. Next draw upon the paper intended for the copy 
•of a similar set of squares, but having each side only one-half the length 
of the former, as is represented in Fig. 18. It will now be evident 
that if the lines AB, BC, CD, etc. {Fig. 17), he drawn in the corre- 
sponding squares in Fig. 18 a correct copy of the original will be 
produced, and of half the original scales. Commencing then at A, 
observe where in the original the angle (A) falls, wdnch is towards 
the bottom of the square, marked de in the line FI. In the corre- 
sponding square, therefore, of the copy, and in the same propoidion 
towards the left hand side of it, place the same point in the copy; 
from thence trace where the curved line AB crosses the bottom 
line of that square, which crossing is about two-fifths of the wudth 
of the square from the left hand corner towards the right, and cross 
it similarly in the copy. Again, as it crosses the right hand bottom 

Fig.n. 18 .’ 
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corner, in the second square below cle, describe it so in the copy; 
find the position of the points similarly where it crosses the lines 
ff and gg, above the line by comparing the distances of such crossings 
from the nearest corner of square in the original, and similarly marking 
the required crossings on the coiTesponding lines on the copy. Lastly, 
determine the place of the point B, in the third square below gh on 
the top line; and a line drawn from A in the copy, through these 
several points to B, will be a correct reduced copy of the original line. 
Proceed in like manner with every other line on the plan, and its 
various details, and thus will be obtained the plot or drawing, laid 
down to a small scale, yet bearing all the proportions in itself exactly 
as the original. 

It may appear almost superfluous to remark that the process of 
'enlarging drawings, by means of squares, is a similar operation to the 
■above, excepting that the points are to be determined on the smaller 
squares of the original, and transferred to the larger squares of the 
•copy. The process of enlarging, under any circumstances, does not, 
however, admit of the same accuracy as reducing. 

It is also as well to remember that when a drawing is reduced to 
Lalf the scale, the size is diminished to Jth; or if the scale is 3rd of 
the original, then the size will be I/9th and vice versa, if the drawing is 
■enlarged. 

The Lens. — A suitable lens fitted to a camera can be used to 
reduce plans by replacing the ground glass with a sheet of clear glass 
covered by fine tracing paper. The drawing or plan to be reduced 
should be pinned on a vertical stand in a strong sunlight, and when 
focussed to the required scale the lines thrown on the tracing paper 
can be followed with a fine pencil. The process is trying to the eyes 
of the operator, but is useful when only one copy of the reduction is 
required. 

Copying Plans, Maps, etc., by Process Work. — ^^A^hen the copy is 
to be of the same size as the original and only small number of copies 
required, the Berrotype Process is suitable. For enlargements or 
reductions of scale, or when a large number of copies are required, 
no hand work can equal Photo-mechanical process work. The details of 
the operations necessary for successful work with this system of 
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reproduction are not suitable for inclusion in a Treatise on Siirvejdng, 
but a description of the proper method of preparing drawings for 
JPhotogiaphic reproduction and the iPerrotypo process is given below. 

Ferrotype and other Printing Processes. — The Ferro-prussiate. Positive Cyanotype, 
Ferio-gallate, and other printing processes are employed for the copying of plans, 
patterns, or other drawings and consists of printing the required design on sensitised 
paper or cloth, by the transmission of light through the design, by the methods 
explained. 

Prints by those processees may be said to be permanent and to be unebanoreabJe by 
light or damp. ° 

Peero-phussiate. (White lines on a blue ground) 

Method of Sensitising the paper . — The following solutions have been found to give 
satisfactory results : 

No. 1. 


Ammonia citrate of iron (ferric-salt) 
W^ater 


100 grains. 
1 ounce. 


No. 2. 


Potassium feirri -cyanide (red prussiate of potash) 
AA'ater 


70 grains. 
1 ounce. 


i 


The solutions nos. 1 and 2 will keep good for a long time, but should be stored in 
the dark. Mix equal parts of the two solutions immediately before use, and apply tho 
mixture to one side of any suitable paper by means of a sponge, or large flat brush. 
The sponge, which will be found more useful for the purpose, should have an even 
surface; if it is not even, the sponge should be cut with a knife or scissors to bring 
about this result, so that the surface may bear uniformly on the paper. 

Charge the sponge as full as it will hold of the mixture, and apply the solution 
liberally to the paper for about two minutes, which time may , be more or less according 
•to the season. In the hot dry season a long application is necessary, about three minutes; 
'during the rainy season a less time is required, generally about one minute. Cover the 
surface of the paper rapidly with the solution, using long, free, light strokes of the 
sponge, working in one direction, until the surface is covered; then go over the whole 
surface again, crossing the strokes at about right angles to those first applied, and so 
on, repeating the operations until the paper has had a liberal application of the mixture. 
Now" take the sponge nearly full, and drag it without applying pressure, over the surface 
of the paper, using long strokes to remove the surplus solution, yet leaving a thin, 
film of it on the paper, the object being to obtain as even a coating as possible. 

During the operation of coating, the paper should be pinned down on a drawing 
board or other flat surface; when the coating is finished, the paper is hung up to dry 
In a dark- room and should not be used till it is thoroughly dry. 

When using any hard, smooth-surfaced paper, the operations of coating and drying 
•may be repeated several times. By this means a very deep blue ground in the finished 
'print can be produced. 

Owing to the excessive dampness w"hich pervades everything during the rains, special 
care should be taken during this season in preparing and storing sensitised paper. 
Before the paper is sensitised it should be well dried over a charcoal fire or rStove to 
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expel all dampness, after which the sensitising solution is immediately applied^ 
Ths is to be done in the manner already described, but in this case, should be canded 
out as quickly as possible, to prevent too great a penetration of the sensitising solution 
into the pores of the paper, after sensitising, the paper may be dried over a cbarcoal 
fire or stove or ma}" he hung up to dry in a room in which a charcoal fire is biirnmg. 
Immediately the paper is dry, it should be stored for subsequent use in a cylindrical 
tin box, with a “take-off” lid, round which should be placed an India rubber band 
to exclude air and moisture, and the box should always be kept in a dry place. In 
darnp weather the sensitised paper should be dried over a charcoal-fire before putting 
it into the printing frame. 

The paper, when freshly prepared should be of a yellowish orange, but will change- 
to a blue colour by Keeping. By adding a small quantity of gum arabic or of dextrine 
to tlie mixed senitising solution, and also bichromate of potassium in the proportion of 
2 grains to each ounce of the sensitising mixture, the printing qualities of the paper 
remain intact, and the paper will not change colour for some time. 

The Ferro-prussiate paper of commerce is generally of a bluish tint. This, however,, 
does not impair the printing qualities of the paper to appreciable extent but the prints 
prepared on it will require a more prolonged washing, than if made on freshly prepared 
paper. 

Printing — Open the pressure frame and by the tracing drawing downwards, cai the- 
glass of the frame, and over it a sheet of the sensitised paper with the prejiared. 
side in contact; with the back of the tracing. Over the paper lay a pad of felt, or- 
some sheets of clean smooth paper, which should have been previously dried in ihe sun,, 
or over a fire, and with boih hands carefully smooth the pad outwards from the ccni.re. 
Then put in the back board of the frame, care being taken that the paper below does- 
uot slide one way or the other, and close the cross-bars. If the frame has more than 
two cross-bars, the centre bar should be c\ sed and then the side ones. Unless the 
glass, tracing, and sensitised paper are in close and uniform contact all over, it will 
be impossible to obtain shai’pness in the finished print. The frame is then taken outside 
and exposed to the direct rays of the sun, which should strike the glass face perpendicularly., 
if the paper is fresh and dry and the sun bright, from 6 to 8 minutes during the cold 
season will be found sufficient. After the rains, when the sk}’- is clear and the light 
very intense, the exposure will vary from about 8 to 6 minutes; but . at. first it is 
recommendjed to make exact observations till the Hght length of time to expose has-, 
h/cen ascertained. This can be done by trying difierent exposures On a, small slip of 
sensitised paper: expose one-half for about 4 minutes, the other half being covered 
over so that no light, acts upon it. Now uncover the unexposed half for about 6 minutes, 
and cover over the . exposed half. After this has been done the paper is removed ond' 
washed in several changes of clean water, wlien the distinctness of the lines and the 
strength of the blue ground will indicate which half of the slip gives the better result.. 
This will he a guide as to the exposure required for the large sheet. 


Assuming that the correct length of time for exposure has been determined and that 
the paper has been exposed, then quickly take it out of the pressure frame and float in a 
dish or ti'ay of clean water, moving it rapidly from side to side, and changing the water 
several times till the water is no longer tinged yellow, and the drawing shows cut in- 
clear lines, after which the di'awing is hung up to dry. 

Any paper will answer for this process, hut the best results have been obtained on , 
papers “nos. 50 and 51,” specially prepared for this purpose by Messrs. Schleicher and' 
Schull, and obtainable from Messrs. Teacher and Co-., Bombay. Good results have 
also been obtained on ordinaiy lithograpliic p.aper obtainable from the Government 
Stationery Office, Calcutta. The latter paper is very much cheaper than that of 
Schleicher and Schull, and the results are nearly as good. With these two brands of 
paper tlie lines show out of a pure white or bluish white, while with other papers the. 
lines alre more or less of a bro-wnish tinge. 
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Ricady sensitised paper is an artide of commerce, and is prepared by Messrs. Marion 
and Co., 22 and 23 Soho Square, London, W., and obtainable from most of the photo- 
grajj^hic hrms in this country. Marion’s paper has been found to give very good 
results, and will keep without deteridrating for a considerable time if stored in 

•cylindrical tin boxes and kept in a dry place, as before described. 

Specially prepared tracing cloth may also be obtained from Messrs. Marion k Co., Prints 

prepared on it require from four to six times the exposure that a print on paper would 

require; otherwise, other conditions being equal, the procedure in preparing prints on 
“the cloth is the same as for paper. When the print is - dry, the slight creases in the 
cloth may be ]''emoved by rolling it tightly round an ordinary office ruler and keeping 
it so for an hour or more. 

Jt is desirable that the drawing to be copied should be on a very translucent material, 
such as tine white tracing paper or good fine tracing cloth, the drawings to be made 
v.'ith perfectly black ink, in firm full lines, especially the finer ones, so that they may 
bie quite opaque. A little burnt sienna may be added to the Indian ink to give it 
increased opacity. Care should be taken to keep the back and surface of the tracing 
■clean and free from anything which might print through and interfere with the clearness 
of the drawing. 

As far as possible, all lines usually drawn in colours should be drawn in black 
dotted lines of different kinds. However, if the use of colour in the oiiginal ^ is 

comfpuisoiy red lines should be drawm in thick vermilion; yellow lines with Indian 
yellow, brown with burnt umber; blue and green lines with a mixture of chrome yellow 
and dark prussian blue in different proportions. All washes of coloutr to be avoided 
if possible, but where necessary they may be replaced by cross-hatching of the required 
■colom-. 

If desired, coloured tracings can be copied, and xnovided the coaiing of colour be 
not too heavy, fairly satisfactory prints are obtained. 

Although the best results are got by copying tracings, it is possible to get quite 
useful results from drawings even on fairly thick drawing paper, a very long exposure 
being given to compensate for the opacity of the paper. 

When the process is regularly used in workshops, etc., in England, it is a common 
practice to omit the inking in of the di’awing on drawing paper, and to make a tracing 
on very transparent tracing cloth to serve as a standard drawing to be kept in the 
office. This tracing then serves for the reproduction of bine copies for the shop, etc. 

White lines, figures and printing may be taken out of a drawing or obliterated, by 
going over them with a pen charged with a solution of prussian blue mixed to the depth 
of colour required. 

Add^itions in white of lines, figures, or printing may be made with a clean pen 
dipped in a solution of — 

Oxalate of potash ... ... ... ... 150 grains. 

^Saturated solution of gum ... ... ... 40 minims. 

Water ... ... ... ... ... 1 ounce. 

After applying the solution, wait till the lines, figures, or printing are quite white 
and clear; then blot off with a piece of clean blotting paper and immerse the print 
rapidly in clean water and wash it well, changing the water a few times. 

'’"The function of the gum solution is to give consistency to the mixture and so 
j'revent spreading of the lines and figures. 
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In applying tb© solutions given on page 2*2 to sensitise the paper the fingers becomo 
discoloured. These stains can be emoved bj’’ applying a little of the above solution 
without the gum arabic; ub the solution over the fingers till the stains disappear, 
•after which the hands should be well washed. 

This solution may be conveniently kept in a wide-mouthed bottle, large enough tO' 
be able to dip the fingers into. 

The pre.';siire frame required will be similar to those used for ordinaiy photographic 
work and should be large enough to take the largest tracing or drawing required. Tlie 
front will have a piece of good, thick, clear plate glass, and the back will have a board 
which should be jointed in two, three, or more pieces, a,ccording to its size, and have- 
cross-bars and springs to correspond to the number of joints. A piece of felt or thick 
flannel should be cut to the size of the frame and kept with it, or in place of the fell/ 
several sheets of clean soft paper may be used. 

The glass of the frame should be kept clean on both sides and free from scratches,, 
and the felt or paper pads should be thoroughly well dried in the sun., or over a fire, 

. before use. 

Pressure frames of any required size are made up in the Canal Foundiy and 
Workshops, Poorkee. The cost of a frame suitable for drawings up to 30//x22'/ is 
about Es.16. Good plate glass 1* inch thick, and of various sizes, can be procured 
in the Patehpuri Bazar, Delhi, or at Calcutta. A piece measuring 30/^ X 22// x 
be had for about Ps.lO, and the charge is proportionate for the other sizes. 

A pressure frame as described may not always be to hand. In such case the 
following method answers well ! 

Hake a drawing board, or any flat board vdth a fairly even surface, and on it 
place a piece of any sort of soft cloth, neatly folded so as to give a thickness of about 
an inch, the cloth to be free from limips or irregularities, and when folded to be sorne- 
what larger than the drawing to be copied. On the cloth place the prepared paper with 
the senritised side upwards; on the paper place the tracing or drawing with its face- 
upwards; and over the whole place a piece of good plate glass a little larger in size 
than the drawing it is desired to copy; the object being to bring the prepared paper and 
drawing into close contact with each other, and to keep them in one position during 
■exposure. ^ The weight of the glass supplies the pressure, and the cloth, being soft 
and yielding, is pressed against the glass plate, and into any ine’qual/ities that may 
exist, bringing the prepared paper and tracing with it, and thus securing the contact 
required. A small strip of wood might be put round the board in the form of a ledge 
to prevent the glass from sliding when it is tilted to bring the plane of its surface at 
right angles to the sun’s rays. If the paper and tracing are in perfect contact, tilting 
the board is not of much consequence. Good results have been obtained ' when the 
board has been in a nearly horizontal position, but if the board be not tilted towards 
the sun a longer exposure wall be required. The correct length of time may be ascertained 
by means of a small slip of prepared paper, as already described. 


Dishes or trays,- thlree or four inches deep, for w^ashing prints, may be of porcelain- 
or of strong sheet zinc or tin, and should be a little larger in size than the largest print, 
it is recommended to coat the inside of the tin or zinc trays with black lapan varnish, 
obtainable frem any general merchant, or with ordinary shellac varnish (shellac 8 oz., 
methylated spirit 1 pint). The varnish to be removed occasionally as required, an<I 
to be applied to the trays with a brush, lake a coating of paint. Trays made of tin- 
will last better if the varnish be applied all over the inside and outside surface. 

A fiat board or ordinary drawing board wall' be required for sensitising the paper; 
also some drawdng pins, to keep it in position while being coated wa’th the sensitising 
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solution; a fair-sized sponge to apply the solution; some wooden clips to hold the paper 
whil^e drying; a ^’aduated 4 oz. measure for solution; and a small set of scales and 
weights for weighing chemicals. 


Defects in Ferro frussiate Print 


iWJiem the print is weak lookin/f, icith the hackgound rather a light blue hut lines 
clear — We conclude that the print is under-exposed. Try another print and give a 
lo.^iger exposure; or if the defect is not very marked, immerse the print for a few 

minutes in the following weak acid solution: 10 drops of hydrochloric acid to 10 oz. 
of water; or 100 grains citric acid to a pint of water. Tliis intensifies the blue ground 
and the wliite lines show clearer by contrast. Another metliod, and one wdiich gives 

better results, is to immerse the print for a short lime in a bath of 20 graia^ of 
oarbonate of soda to one quart of w^ater. The print should be left in this bath only 

just long enough to chhnge the blue ground to a deeper blue, after which it slfould 

be at once removed and quickly immersed in a tray of plain water (to stop the further 
acjtion of the soda, and then w-ell w^ashcd, the w^ater to be renew'.ed several times. 
When the prinifc is put in the soda bath the lines become clearer and the blue ground 
rapidly intensifies up to a certain point, after which it begins to lose its blue colour 
and gradually changes to a light yellowish colour. Care therefore should be taken to 
remove the print from' the bath when it is judged that the maximum depth of blue 
colouir has been reached. 

Ground of print of a rerij blue deep colour, but lines not clear and of a bluish tinge, 
the fine lines of the original drawing 'ocry indistinct apd brol en, or not seeri at all — 
Print has been over-exposed. If these defects are very decided, reject the print and 
prepare another giving less exposure. If not too dcided the print may be reduced 
by prolongd washing in several .changes of w^ater, and then immersing it in the 
carbonate of soda bath given above, till the desired reduction has taken place, after 
which the print is w-ashed in several changes of plain water. 


Prints -ivealc and having a someivhat "swnk in' apvcarance, ground of a dull 'hki^ 
colour irith lines rather indistinct and of a yellowish broion — This is due to dampness 
owing to insufficient care in preparing, drying or storing the paper, as already des- 
cribed. See remarks on preparing and storing during the rains, page 23. 


Print generally clear and well defined, but at places the lines blurred and of a 
bluish colour — This arises from- imperfect contact between the sensitised paper and 
tracing. Place the sensitised paper carefully in position and avoid cmmping it as the 
racing and prepared paper should be perfectly smooth and even. 


Streaks of v.diite and tohite spots in the blue ground of print — These are due to 
want of care in coating the paper with the sensitising solution. If the solution be 
applied liberally as directed, the whole surface of the paper covered with it, and the 
excess solution removed carefully, these markings will not show. 


Marking in print corresponding to the form of finger tips — These are due to handl- 
ing the sensitive surface of the paper when the hands are in a heated stats. The 
remedy in this case is obvious; the sensitive surface should be touched as little as 
possible with the fingers. 


Ground of print of a light blue colour and lines of a light tint^ when it is knoian 
that the print has not had more than the normal exposure to sunlight — This is due to 
the sensitised paper having deteriorated by keeping, or the paper may have been exposed 
to white light, which would occasion a blue deposit over the whole surface. Nothing: 
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can be done in this case; the print 'will show a want of force and brillianc}^ due to the 
blue deposit on the lines, Avhich is good, fresh and properly prepared paper would ba 
-of a pure white. 

Positive Cyxotyj/E Process, {hhic lines on a white ground) 

Paper speciaJ ly prepared for this process is an article of commerce, and can be 
had from Marion" Co., 552 and 23, Soho Square, London, W. It will be found more 
convenient to purchase the paper ready for use than to prepare it. Without proper 
appliances and practice it is difficult to get an even coating. 

If, however, it is considered desirable to prepare sensitive paper for this process, hard 
^ and well sized paper shoul-d be selected; so that the sensitising solution may be kept, 
as far as possible, on its surface. Good ordinary drawing paper is suitable, also Rive’s 
or Saxe paper generally used for photographic prints, but the papers nos. 50 and 51 
by Messrs. Schleicher and Schull, already described, have been found to give the best 
results. 


! following solutions aie required 

for .sensitising the paper: 



A 


Gum arabic 

Water 

... 

... 1 oz. 

... 5 ,, 


B 


Ammonia-citrate of iron 

Water 

C 

... 1 oz. 

... 2 „ 

Perchloride of iron 

Water ... ' ... 


... 1 oz. 

... 2 ., 


Solution A can only be kept for few days : solutions B and C will keep foj- several 
weeks in well-stoppered bottles. When required fqr use, they are mixed together in 
the proportions of 20 parts of A. 8 parts of B, and 5 parts of C, and in the order 
given, or the gum will be coagulated. Should this occur, the mixture may again be 
lendered liquid by the addition of a few drops of glacial acetic acid. 

. Sensitising the faver — This operation and all the subsequent ones, except the r 

exposure to sunlight, must be perfoimed in a room illuminated by yellow light passing 7 

through one or two thicknesses of yellow paper or calico fastened over the windows, [■ 

or weak hinip light. The paper is pinned down to a drawing board, and the solution i 

applied as described for sensitising paper in. the Eerro-prussiate process, only more care ; 

has to be exercised; the coating to be as even as possible, so as to avoid streaks. It i- 

is important that the pa.per should dry quickly, so that the solution may not sink into i 

iUi substance. As soon as the paper is dry, it will be Avell to put it away carefully j; 

in an air-tight tin case. j 

Exposuse~17he exposure will vary with the intensity bf the light. In direct sun- i; 

light from 16 to 40 seconds will be found sufficient; in the shade or dull light from 

1 to 5 minhtes ; in rain from 5 to 15 minutes; and in dull foggy weather as much as i! 

irom 15 to 30 minutes or longer may be required. By practice one soon learns to !: 

guess the proper exposure under ordinary conditions of working. It is important, how- i 

ever, that in this process the exposure should be exactly right, and therefore, unless 
the exact time required is known from past experience, it is advisable to try different 
exposure on a thin slip of sensitive paper in the manner already described for Ferro- 
prussiate prints. 
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Development of the print — This operatiou must be performed in yellow light. The 
'developing solution to consist of a saturated solution of ferro-cyanide of potassium. 

A sufficient quantity of the solution should be poured into a dish tray so as to 
fill it to a depth of about an inch. Before commencing to develop, the print is laid face 
downwards on a table, and the edges turned up carefully with the aid of a straight- 
edge, so as to form a sort of traj^ about 0 inch in depth. The copy is now floated face 
downwards on the developing solution: the turned-up edges prevent any of the solution 
from getting on the back of the copy, Avhich would cause blue stains to appear. Any 
air bubbles must be removed by quickly lifting each of the corners of the copy in turn 
by one liand and gently lowering it again, the other hand being used at the same time 
to drive out the air bubbles from the centre. After floating the copy on the developing 
solution for about half a minute, remove it ca'refull}^ hold it up, and allow the action 
of the developer to continue, but onl}^ so long as the jmllow ground remains free of 
blue spots. The longer the film of prussiate can be kept on the print, the stronger and 
darker will the lines come out. As soon as any sign of a blue spot begins to show, 
immerse the print at once face downwards in a tray of clean water, and wash it in 
several changes. 

After washing, immerse it in a bath of hydrochloric acid, 1 ounce to 10 ounces, of 

water; keep it in this bath from 5 to 10 minutes, after which remove and place it face 

upwards in tray of clean water, and well wash and rub the surface with a sponge to remove 
the blue muscilage; then copious^ flush with clean water. The lines of the copy will 
now be found to stand out blue on a clear white ground. 

For the developing and acid solutions traj^s of lead in wnoden frames will be 

required; the inside of the trays to be coated with Bate’s black photographic or shellac 
varnish, the coating to be 1-enewed as necessaiy. For washing the print, trays as 

described for the Ferro-prussate process will answer. 

Causes of failure 

The ground appears hlue — This arises from under-exposure to the light, or ffom 
the print having l3een kept too long exposed to the action of the developing bath. 

The gound reuiains white, while the lines are broken and pale — This may be due 
to over-exposure, or to the lines of the tracing not being sufficiently opaque to stop the 
passage of light through them. 

V/ hen the print is put in the acid hath, the lines turn a dark hlue, which washes 
ofj when being bnishedr—This arises from insufficient development in the prussiate bath. 
If the ground is also spotted blue, it is due to under-exposure. 

To obtain prints showing blue lines on a clear ground by a modification of the 
ordinary Ferro-Prussiate Process — Place the drawing or tracing to be copied with its 
back against the glass of the printing frame; then place over the drawing or tracing a 
piece of prepared sensitised tracing cloth with its sensitised surface down against the 
face of the drawing; close the printing frame and give a prolonged exposui-e to light, 
the ex.posure to be three or four times longer than would be required for an ordinary 
Ferro-pmssiate copy. 

After exposure proceed as described in the Ferro-prussiate process. When dry, the 
print may be treated with a weak solution of carbonate of soda, to intensify the blue 
ground and clear the lines., after which it should be w*ell w'ashed and hung up to dry. 
When dry, roll the print round an ordinary, office rule, the object being to remove all 
creases from the cloth. 
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When the copy is smooth and even, place it in the printing- frame with its back 
againat the glass, then place a piece of sensitised paper or cloth, with the sensitised 
suiTace down, on the face of the prei^ared negative copy, and operate as already des- 
cribed for obtaining an ordinary ferro-p^’ussiate print. As the light is passed through 
a negative copy, a- positive print — one showing blue lines on a clear ground — will be 
produced. 

Instead of preparing the negative copy on tracing cloth, paper may be used; the 
paper print can be made tji'ansparent by rubbing it over with vaseline, or by applying a 
mixture of one part castor oil and five parts spirits of wine. 

Feeeo-G-aolate Pbinting PjROcnss — (This process is useful in the reproduction in black 
lines in a clear ground of facsimile copies of drawings ^ plans and tracings.)^ 

Paper — For this process a hard well sized paper is indispensable. Schleicher and 
Schull’s paper Nos. 50 and 51, obtainable from Messi’s. Thacker Co., or from Messrs. 
Treacher I'c, Co., Bombay, answer fairly well, and are the best of their kind for this 
purpose to be had in India. 

Developing Tra?/^— Trays for developing should be made of wood, lined with sheet 
lead, the lead to be protected with , a coating of black Japan Yarnish. Trays of zinc or 
tm protected with Japan varnish answer faiirly well, but the acid solution when not in 
use should not be kept in the trays, but should be stored in an earthenware vessel. 

For washing purposes zinc or tin trays are quite suitable. 

Sensitising the papers — This operation must be carried out jn a room illuminated by 
yellow light passing through one or two thicknesses of yellow paper, or cloth fastened over 
tile windows, or by candle, or weak lamp light. The following formulae are recommended 
for sensitising the paper — either no. 1 or no. 2 may be used. 



No. 1 



Water 



... 15 ounces 

G-elatine 



1 ounce. 

Perchloride of iron 



... 1 If 

Tartaric acid 



1 

• • • ^ ^ } 

Persulphate of zinc 

No. 2 

... 

... ^ 

AVater 



... 30 ounces. 

G-elatine 



1 ounce. 

Perchloride of iron (solid) 



2 ounces. 

Tartaric acid 

... 


... 10 drams. 

Ferric-sulphate 



... 10 „ 


The paper is laid smoothly down on a drawing board, glass plate, or other flat 
sui'face, and should be fastened down on two sides with pins or clips. ^ 

The sensitising solution is applied to the paper by means of a fine .sponge, which 
should be passed lightly over the paper, up and down and across, taking care to equalise 
the coating as much as possible, and to avoid sri’eaks or other makings. Before apply- 
ing the sensitising solution it is advisable to dry the paper over a charcoal fire or stove 
to expel all dampness after which the solution should be immediately applied. It is 
important that the sensitised pa^jer should dry quickly so that tlie solution may not 
sink i'nto its substance; it should, therefore, be hung up to di'y in a room in which 
a stove or charcoal Irre is burning. This course would not be necessary in the hot dry 
season. When thoroughly dry the sensitised paper should be stored for subsequent use 
in a tin cylindrical box with a take-off-lid, round which should be placed an India-rubber 
band to exclude air and moisture. 
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Exposure — The exposure to sunlight is about the same as for ferro-presiate prints, 
.that is, from 5 or 10 minutes according to the intensity of the light. To ascertain if 
the exposure has been sufficient, open the pressure frame and lift up one corner of the 
sensitised paper; if the gteenish-yeWow tint has disappeared, except where covered by 
the lines, it shows that the exposure has been sufficient and the print should be removed 
from the pressure frame. 

Developing — This operation must be carried out in yellow or red light. The copy 
is floated face downwards on the following solution : 


Gallic acid 
Oxalic ,, 
Methylated alcohol 
Water 


1 ounce. 
5 grains. 
10 ounces. 
50 „ 


Care is to be observed in floating tlie paper. Hold two opposite comers of the paper, 
and bring the liands nearly together; a convex form is thus given to the sheet, the middle- 
of which should first touch the solution, the corner held by the hands to be gradually 
brought down till the sheet floats on the liquid. The formation of air bubbles is thus 
prevented; should, however, any be fomied, they can be removed by the aid of a glass 
s til-ring rod. 

The copy should be allowed to remain on the solution till the lines show up clear 
and black. It is then removed and washed thoroughly, and, if necessary, the surface 
]-ubbed with a soft sponge to remove any stains or marking, after which the print is- 
hung up to dry. 

The following can be recommended also as giving satisfactory results : 


Somtisin g mix ture 


A. 

Gum arable 

1 ounce. 

A. 

Water 

... 10 oiuices. 

B. 

Tartaric acid ... ... 

... 1 ounce. 

B. 

Water 

. ... 4 ounces. 

C. 

Solution of ferric chloride, 45° Beaume 

... 2 „ 

D. 

Perrons sulphate 

5 drams. 

D. 

Water 

4 ounces. 


A Solution D is added to B, and the mixture added slowly with constant stirring to A;. 

finally solution C is gradually added stirring well the whole time during admixture. 

Tough smooth well-sized paper should be used. Thp sensitising mixture is applied 
by means of brush, and the paper quickly dried by heat. Exposure is complete when- 
gound of the print is nearly white, the parts protected from the light being of a light 
yellow colour. Development is effected by floating the print for about one minute face 
downwards cn — 

Gallic acid ... ... ... ... ... 1 dram. s: 

Oxa-lic „ ... ... ... ... - 3 Siaius. 

Water ... ... ... ... ... 50 ounces. 

The print is then removed from the developing bath and washed well in plain water. 

Heady sensitised paper — Paper ready-sensitised (ferro-gallic paper) is prepared by 
J. R. Gotz, 19, Buckingham Styeet, Strand, London, and can be purchased from? 
Thacker A' Co., Bombay. 
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The following is a good developing forninla for ready sensitised paper; 

G-allic acid ... ... ... ... ... l ounce. 

Alnm ■ ... ... ... ... ... 1 ,, 

AA'ater ... ... ... ... ... g pints. 



1 


1 

■I 

1 

i 


I 


The acid and alum should first be dissolved in two points of hot wate]’, after wnich 
the remaining water should be added. 

I) 

To develop prints on this paper the copy is immersed in the developing solution t] 

till the drawing shows up clear and the lines black, after which it is washed and hang 
up to dry in the usual way. 


Defects — Over-exposure is known by the lines being faint and broken, the thick lines 
unly to be seen while the ground is white and clear. 

"When the ground of the print is dark and discoloured it denotes under-exposure. 

The lines after prolonged immersion in the developing solution are of a dull brown 
colour, while the ground is clear. This shows that the acid in the solution is nearl.y ex- 
.:nausted. Add more acid, or if, owing to a number of prints having been developed 
with the solution, it is very much discoloured, a fresh developing solution should be 
made up. 


The basis on wliich the preceding processes are founded is that a ferric salt is reduced 
10 the feiTous state by the action of light. Thus, taking ferine chloride (Ee Cl 3 ) 
.an example this sajt on exposure to light throws olf one atom of chlorine and becomes 
ferrous chloride (he CI2 ). If a solution of a ferric salt be applied to one side of 

a smooth-su! face paper, the surface of the paper when dry will present a yellowish 

coloui* inebned to orange; if the paper be placed in a j)i*cssure frame under a. trans- 
parent drawing or trading, and ex2)osed to sunlight for a fixed time, a change will be 
'found to have taken place; the parts of the paper immediately under the transparent 
.parts of the drawing or tracing w-ill be of a light brownish colour, nearly white, while 

idle other parts ol the immediately under the lines will be found unchanged, 

jnd on the paper we shall have a copy of the drawing dr tracing in yellowish orange 
jincs on a neai'ly white ground; this is the visible change. The chemical change is that 
where the light has passed through the transparent parts of the drawing to the pre- 
pai’cd paper immediately below^ and in contact with it, the ferric salt on the paper has 

oeen reduced to the ferrous state in these parts by the action of light; while, owing to 

rhe opacity of the ink lines of the drawing or tracing, no light can reach, tlxe paper 
jiuiucdiately bciow the lines, and therefore no change takes place, consequently under 
the hues wc have the unchanged ferric salt. Thus, we have a ferrous and a ferric salt 
on the paper; the ground of the drawing will be of a ferrous salt, while the lines will 
oe inade up of a ferric salt. By applying re-agents, which act differently on these two 
of iron, tins reduction is made apparent, and a coloured picture or drawiucr is 

produced. Pirns, if ferri-cyanide of potassium (K , Ee Cy, ) be applied, all the p'krts 

acted upon by light become blue; that' is, when ferricyanide of potassium is added to a 
.leiroiis salt a deep-buie precipitate is ju'oduccd of ferrous ferro-cyauide [{F (Ee \'^ 
called TurnhulTs blue, and the blue matter thus produced is insohible. " The ferri-' 
cyanide of potassium causes no change in the ferric salt (which corresponds to the lines 
of the dravnng or tracing), which being soluble can be washed out in water, giving a 
prim on the paper of white lines on a blue ground. Prints thus produced are called 
-ferro-pn:ssiate prints. 

Ferro-cyamde of potassium (K4 Ee Cyc) acts on the unexposed parts or i^arts nob 

produces with it a deep bhie precipitate 
-of feine-ferrocyanide [Fe^ (Fe Cy^) 3], which is insoluble. The i'erro-cyanide of notas- 
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potassium occasions no change in the ferrous salt, which is therefore soluble and can be- 
wasliecl out in water, thus giving a copy on the paper of blue lines on a white ground, 
priuts produced by this method are called positive cyanotype prints. 

Similarly, gallic acid (.U.> Iln 0^) or tannic acid ' ^ 27 ^•‘2 ^ 27 ) ^^sed in place of the- 
fcrro-cyanide of potassium, produces a black nearly insoluble compound (ink) with a 
ferric’ salt (corresponding to the parts not acted on by light), and causes no change ta 
a ferrous salt (coiresponding to the parts acted on b}" light), which remains soluble and 
can be washed out in water, giving a drawing of black lines on a nearly white ground. 

Po:!- the poduction of drawings giving white lines on a blue ground (ferro-prussiate 
prints), instead of applying a solution of ferri-cyanide of potassium after exposure to 
light as described, in practice it has been found more convenient to mix the ferro-cyanide 
of potassium with ferric salt before exposure; the mixture is spread on a paper and 
dried in a dark room. It will be observed that the ferro-cyanide of potassium produces 
no change with a ferric salt, but if the paper so prepared be placed in a pressure frame 
under a transparent drawing or tracing and exposed to light, the feme salt immediately 
under the transparent parts of the drawing is -reduced to the ferrous state by the light,, 
as alr^iady described, and conjointly with this reduction the ferri-cyanide of potassium 
acts on the ferrous, salt thus found and produces with it an insoluble blue matter, the 
unchanged ferric salt on the paper immediately under the opaque lines of the drawing 
remains soluble and washes off in water, thus giving a drawing of white lines on a blue- 
ground. 


Anilixf. PuiXTixo Pbocess — (Reproduction in dark lines on a clear ground 

from a tracing) 

This process is dependent on the action of bichromates on organic matter, and the- 
oxidation of aniline by chromic acid. Thus aniline salts have the property of sticking 
certain colours when brought in contact with acidified bichromates. Sized paper is- 
sensitised by blushing over it an acidified solution of the bichromates of potassium or- 
ammonium, and is dried quickly in the dark, or in a photographic dark room. The paper 
is then exposed to light under a tracing, and when the lines and figures are visible, is 
exposed to the action of aniline vapour. Those parts protected from light by the lines 
or figures of fhe tracing become deeply coloured by the action of the aniline vapour 
which reacts on the chromic compound not reduced by light, and causes no action with- 
th'e reduced chromium salts, as these acquiire a neutral reaction and will not readil}' 
assimilate bases. 

Sensi hi si n g solutions 

f Potassium bichromate 
1 . Phosphoric acid solution 

L Distilled water 

f Ammonium bichromate 

5, clioloride . 

^ Sulphate of copper 
Sulphuric acid 

^Water 

Either 1 or 2 may be used. 

The solutions keep in good condition for a long time, but it is advisable that they be- 
stored in the dark. 

Only good well-sized paper should be used; and sensitising may be carried out by- 
brushing or floating. . 


160 grains 
2 ounces. 
5 „ 

160 grains. 
160 „ 

30 „ 

k ounce. 
10 ounces. 


:86 


chaptek i 


Sensitisiruj — The preparation of the paper may be carried out by lamp light, sub- 
•dimd day-light, or yellow light, but the paper must be dried in the dark, or in a photo- 
graphic dark room. It will be found more economical to apply the sensitising solution 
by means of a brush, which should be fairly large and flat. The solution should be 
applied as quickly and evenly as possible so that it may not penetrate too far into the 
body of the paper. The surface of the paper only should be impregnated, otherwise the 
ground would be more or less discoloured, and the lines and figures being embedded, 
would not be sharp. After sensitising the paper should be dried as quickly as possible, 
and should be used on the day it is prepared, or, at most, the next day, as it does not 
■keep. 

Printing — The printing is carried out as described in the ferro-prussiate process: the 
paper, however, is more sensitive than ferro-prussiate paper. The print should be 
exposed till the lines and figure of the drawing appear of a faint yellow colour on a 
giieenisli-white ground. In bright sunlight the exposure is generally from one to two 
minutes. . 

Development — The print is put into the bottom of a shallow box with a close-fitting 
lid. On the lid is fastened a piece of damp flannel, and on this piece is attoched 
another bit of flannel in which a little of the following developing solution is sprinkled: 

Aniline solution ... ... ... ... 1 ounce. 

Benzole ... ... ... ... ... 12 ounces. 

Development is completed in from five to ten minutes dependent on the duration of 
the exposure to light. The best result is obtained by a fairly long exposure and 
prolonged development. 

When a good dark tone is produced, the print is washed in plniai water and then 
immersed for a short time in a bath of sulphuric acid ^ ounce and water 50 ounces. 

It is again washed in a few changes of water and finally immersed for a few seconds 
in a bath of liquor ammonia -I ounce and water 10 ounces. The print is then removed, 
washed and hung up to dry. The acid and ammonia baths are not essential, but better 
results are obtained by their use. 

Moisture is absolutely necessary in the development of aniline prints. Care should, 
therefore, be observed that the flannel attached to the lid of the box is thoroughly damp. 
Should the air in the box be dry development will not be satisfactoiy. 

Development may also be carried out by pinning the exposed print to the lid of tlio 
box, and having the damp flannel, with the piece on which the aniline solution is sprin- 
kled, at the bottom. Also instead of sprinkling the developing solution on the flannel, 
the solution may be placed in a shallow dish at the bottom of the box, and when deve- 
lopment is completed, the solution removed and stored for future use in a well -fitting 
■stoppered bottle. 

Derric Chcoride axd Gee-.atixe Process — (Dark lines and figures on a clear ground 

from a tracing) 

This process is dependent on the action of a ferric salt on gelatine, in that ferric 
•chloride has the property of rendering gelatine insoluble. 

Paper is coated with gelatine to which a pigment is added as below: 

Gelatine ... ... ... ... ... gQO grains. 

.Water ... ... ... ... ... yp ounces. 

The gelatine should first be soaked in half the given water, until it is fairl}^ soft, 
then the remainder of the water -added, and the mixture stirred and dissolved by means 
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of a gentle heat. Indian ink or any suitable pigment is tiien added in sufficient quantity 
to bring about the required colour. 

The warm pigmented gelatine solution should be applied to the paper by brushing, 
oare to be observed that the coating is thin and uniform. 

The paper is then di’ied and should present a unifqrmly coloured surface. 

"When dry, the paper is sensitised by immersion in a solution of — 

Ferric chloride ... ... ... ... 2 ounces. 

Tartaric acid ... ... ... ... 300 grains. 

Water ... ... ... ... 20 ounces. 

After sensitising, the paper is dried in the dairk or in a photographic dark room 
Printing is carried out as described in the ferro-gallate process : the exposure to sunlight 
being about from 6 to 15 minutes according to the intensity of the light. 

The part exposed to light, that is, the ground of drawing, becomes soluble in hot 
water, while the pap:ts protected from light by the lines and figures of the tracing remains 
insoluble; hence development is efiected by immersion in hot water, and a print is obtain- 
ed, according to the pigment used, showing dark or coloured lines on a clear ground. 


Acidified Ink peocess — (Blach lines on a clear ground) 

Paper is uniformly and thinlj^ coated by brushing with — 

Gelatine 
AVater 

AATien dry it is sensitised by brushing on the back a solution of — 

Bichromate of potassium ... ... ... 150 grains. 

Ammonia ... ... ... ... ... ^ dram. 

Water ... ... ... ... ... 10 ounces. 


300 grains. 
10 ounces. 


The solution should be allowed to thoroughly imbue the paper; to effect this a 

second brushing should be resorted to, after which the paper is dried in a dark room. 

When diy, it is exposed to light under a tracing in a pressure frame until the lines and 

figures of the drawing are well defined. 

The paper is then immersed in hot water and the bichromatised gelatine not rendered 
insoluble by the action of light, that is, those parts protected by the lines and figures 
•of the tracing, dissolved out, leaving bare paper at these parts. 

The paper is then blotted and brushed over with — 

Liquid Indian ink ... ... ... ... 1 ounce. 

Sulphuric acid ... ... ... ... 30 minims. 

Caustic potash ... ... ... ... 12 ,, 

The ink solution fixes itself only on the bare paper, which represents the lines and 
figures of the drawing, and a copy showing black lines on a clear ground is produced. 


AIodified Carbon Process — {Black lines on a clear ground) 

Paper is coated with gelatine and sensitised with bichromate of potassium as 
■described in the Acidified Ink Process. It is dried in a dark-room, and when dry exposed, 
in a pressure frame, to light under a tracing until the lines and figures of the drawing are 
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clearly visible. -The paper is then immersed in cold water and sponged, the water bein 
changed several times to remove the chromium salt not reduced by light. The paper i 
now blotted fairly dry and its surface brushed over with — 

Liquid Indian ink ... ... ... ... 1 ounce. 

Bichromate of potash ... ... ... ... 10 grains. 

After applying the solution the paper is dried in the dark cyr in a photographic dark 

room. When diy it is placed in a pressure frame, with the hack of the paper next to the 

glass of the frame, and ex^DOsed to sunlight for about two minutes. The paper is then 
immersed in plain water, and the ground cleared by means of a hard brush or sponge 
until the drawing shows uj) in black lines on a clear ground. 

The rationale of the foregoing is that in the first exposure to light under a tracing- 

the ground of the drawing was, by the action of the light, rendered insoluble and pract^ • 
cally non-absorbent; while the parts protected from light, which correspond to the lines 
and figures of the drawing, remain unchanged and absorbent; consequently the lines and 
figures only take up the bichromatised Indian ink and thereby become re-sensitised. 

^Yhen the back of the copy is exposed in the pressure frame light acts through and 
on the lines and figures, rendering these insoluble, but practically causing no action on 
the ground, of the print, which is easily cleared b}^ means of a sponge or brush, and thus 
a drawing showing black lines on a clear ground is produced. 

Note — The bichromates of potassium and -ammonium are highly poisonous. 


cesses for the reproduction of line drawings are economical and rapid, in proportion to 
the complexity of the drawing, or the amount of detail in it, or when the drawing has- 
te be reduced or enlarged. 

Preparation of Drawings for Photo-Mechanical Reproduction — Photo-Mechanical pro- 

An important point in favour of Photo-mechanical reproduction . is that the result is 
a facsimile of the original in all but scale. The scale, or rather the size of a copy of the 
orig'inal, can be altered ^yithout any additional expense, and this renders the process 
peculiarly well adapted for Record or Type plans, which can be reduced to a dimension 
suitable for binding in book form without sensible loss of clearness and with a great in- 
crease in convenience. 

Paper — The paper should be perfectlj^ white or slightly bluish, but of no other tint: 
it should be of good substance and of uniform texture, and the surface smooth but not 
too highly glazed. Hand-made is preferable to machine-made paper; the ordinary white- 
and blue Imperial, and white Double Elephant j)^^pers, as supplied by Government, are- 
suitable. 

hik — Tlie best quality of stick Indian ink should invariably be used. The ink should; 
be freshly made, being evenly rubbed down, using a light pressure on a smooth surface, 
till it is sufficiently thick to give full dense black lines. 

Good ink should be prefectly free from grit : a black, bronzy, shining appearance 
in the thick when broken is generally indicative of good ink, while a dull fracture generally 
denotes an inferior quality. Unless thoroughly well-ground black ink is used for a draw- 
ing, the reproduction will not be perfect. 

Inking — The inking in of a drawing should be done, as far as practicable, entirely in 
pure black lines, or dots of uniform intensity. The lines to be firmly and clearly drawn,, 
smooth, even,, and unbroken, not too fine, and not too close together; the finest lines 
must be quite black with a good deposit of ink on them. 

Lines of section, Avater-level, etc., usually shown in red or blue, should be drawn in 
black dotted lines. 

Washes or shading of any colour are ' inadmissible ; cross-hatching should be used to 
distinguish different materials oir parts of etractures. 
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All printing, figures^ etc., should be bold and open witli the “thin” strokes not too; 

fine. 

Drawings intended for reproducti'on to a' reduced scale should, generally, be drawn- 
in a much more open style .than would be suitable for finished drawings on the same^ 
scale. Care should be observed not to crowd in lines in the shaded parts, nor t'o use 
more lines, printing, and figures than are really necessary. 

Tracings — Drawings for reproduction may also be executed, on tracing pa-pci . 

Special papers are manufactured for use in connection with the reproduction ot draw- 
ings by process work. These papere are white or slightly bluish, and should be used in 
preference to the ordinary kinds, which are generally of a yellowish colour an.d quite- 
unsuitable. 

Scale — The scales on drawings intended for reduction should generally be shown in 
terms of a single unit of measurement (see Fig. 19) as “Scale of miles, yards, feet,, 
etc./’ and not as relative to any second until, as “Scale, 20 feet to 1 inch.” 

Fig. 19 


10 5 0 

LUIUIJ Lll 


10 


20 


30 


40 


bOreet 

J 


General— ‘AW drawings or tracings intended for reproduction by photography should,, 
when practicable, be kept flat or rolled but not folded, care should be observed to keep* 
them as clean as possible on both surfaces, and free from stains, creases and wrinkles. 

In preparing finished drawings with a view to reproduction and subsequent publica- 
tion, the greatest care should be taken to give them a high degree of neatness and finish.. 
Photography produces only a facsimile, and unless the original drawing be v/ell finishedi 
in every particular witli good lines, printing, figures, etc., reproduced copy will not look 
well. Due care, therefore, should be observed in preparing drawings, so that after the}’~ 
are copied the results may be fit for immediate issue, and not require alterations and 
working up, which mean delay in carrying out work and add considerably to the expense.. 
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Printing— General rules applicable to all geometrical drawings. 

instructions for the preparation of finished architect urai. 

AND topographical DRAWINGS — CONVENTIONAL SIGNS. 

Printing.— It cannot be too strongly insisted upon that a fimisbed 
drawing cannot be produced without first class printing. Too much 
■care cannot be given to this matter, as a good style of printing is essen- 
tial to the production of a . really good Engineering or Topographical 
Drawing, more specially the latter, as the names of towns and villages 

•.are all over the place. 

This perfection cannot be attained without a great deal of practice, 
care and perseverance. It must, however, be pointed out that this 
perfection should only be expected from, and sought after by. Drafts 
men and the subordinate ranks. 

Engineers and superior officers should seldom waste their time 
in endeavouring to print up a drawing with fine headings and copper- 
plate printing. They should content themselves with producing neat 
and legible words, and leave the finished work to their less highly 
educated inferiors. 

This Chapter, however, will be devoted to showing how any intelli- 
gent man, with care and perseverance, can become a first-rate printer. 

As a rule BLOCK PRINTING is decidedly the best for all kinds of 
Headings, being neat and legible. Eor Main Headings fancy letters 
may occasionally be used, but it may be laid down as an axiom that the 
plainer the lettering on a drawing the better. 

Block printing may be either upright or sloping. The proportion of 
breadth to height varies considerably in different alphabets, and may 
■ range from the “square” foiin, in which the breadth is equal to the 
height down to the “elongated”, in which the breadth is reduced to 
anything down to one-third of the height. 
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111 the letter B the upper portion should- be about one-tenth smaller- 
and not quite so broad as the lower portion. 

In the letter C take care that' you place the lower termination exactly 
below the upper one. 

In the letter E the upper horizontal stroke should be slightly shorter- 
than the lower one, but be careful to avoid exaggeration. 

In the letter G avoid all fancy forms. 

In the letter K the upper diagonal meets the perpendicular stroke two- 
thirds of the way down. The lower diagonal joints the upper one in such* 
a position that if it were produced it would meet the perpendicular stroke- 
one-third of the distance from the top. 

The letter M requires to be treated with a certain amount of discre- 
tion; if the strokes used are broad the letter should be five spaces broad, 
to avoid looking heavy ; if the strokes used are thin the letter should 
be only four spaces broad. . - 

In the letter E the lower termination of the tail should be fl.attened.. 

The letter S is a very difficult letter to form ; the upper half should 
be less broad than the low’er, and a horizontal line dividing the upper* 
and lower curves should be nearer the top than the bottom. If the' 
two curves are made the same the letter will look top-heavy as may 
be seen in the Plate. 

The upper stroke of the letter Z should be somewhat shorter thani 
the lower stroke. 

Italic printing 

Plate III is well adapted for the information to be entered on ordi- 
nary plates and surveys. To execute this, the beginner should rule- 
three lines parallel to each other to regulate the heights of the small 
letters and capitals. The distance apart of these lines will depend on 
the size of the printing desired, but lines three and four-sixths apart will 
be found convenient to start on. Parallel lines should then be ruled at 
intervals of about half an inch to define the slope of the printing. 

The beginner should pencil each letter in with the greatest care- 
before inking in, avoiding the use of India-rubber. When he has gained, 
sufficient proficiency through practice, the pencil may be dispensed with. 
Students should remember that it is impossible to print after taking any 
violent exercise as the hand is not sufficiently steady. 
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In Plate IV is given an example of another style of printing, winch 
is fairly easy to acquire . and which may be occasionally useful. 

General RULES applicable to all Geometrical Drawings 

1. Instruments, especially niting pens, should be kept scrupulously 
•clean. Glean dmioings cannot be executed wdthout clean hands 
Keep a piece of paper under the hand when working. Wooden and 
•ebonite rulers can be cleaned by rubbing them with bread. Always 
Tub them on a piece of paper before commencing work. 

2. Never draw a single line that is not absolutely necessary. 
Always work with a sharp point to your pencil. Do not cut it at the 
lettered end. Pencil w^ork should be done as lightly as possible. If 
the lines- are heavy they are difficult to rub out and soil the rulers. 

3. If lines are drawn wn*ong, mai*k them lightly with one or tw^o 
•dashes; but as a rule omit all corrections of pencil work with rubber 
till the plan is inked in, and then at one operation rub out all the 
pencil hnes. Every use of the rubber raises the paper surface into 
.a roughness in which dust catches and gets ingrained. 

4. No attempt should be made to produce a. finished pencil drawdng, 
the outline only should be diRwn in pencil, and no shading or shadow 
lines, as the lead rubs off and dirties the paper. 

5. When about to draw a right line between two points, place 
the ruler as nearly as possible in the same position wdth reference to 
both, and then see whether the line will pass exactly through both 
points, before drawing it on the paper with either pen or pencil. Also 
in drawing an arc through several points, try it with plain dividers, to 
•see if the centre is exact before drawing the line. 

6. All lines should be :drawn sufficiently long at first, to avoid the 
necessity for subsequently producing them; a long line should never 
be obtained by producing a short oiie., unless some distant point in the 
prolongation has been first found by other means. 

7. Whenever it is practicable, lines should' be drawn from a given 
poijnt apd not to it; and if these are .'several points, in [one of which 
two or more lines meet, the lines should be drawn from that one to 
-the other; thus radii of a circle' should be drawn from the centre to 

points in the circumference. 
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8. The larger the scale on which anj- problem, or part of one, is 
constructed, the less liable is the result to error. Hence all angles 
should be set off, and points determined by means of the largest circles 
which circumstances will allow to be described. 

9. In determining a j)oint by the intersection of circular arcs 
or straight lines, the radii should meet at that point at an angle of not 
more than 30°. 

10. When one arc or straight line intersects another, as above, the 
second arc or line need not be drawn, but the j^oint of intersection 
only should be marked so as to avoid unnecessary lines. 

11. Avoid setting off equal lengths on a given straight line by 
continual repetition of one such length, but mark off on the line a con- 
venient multiple of the given length, and sub-divide it, i.e., work 
fkom the whole to parts, not from parts to the whole; this is a great 
principle in surveying as well as iilan drawing, and is especially to be 
observed in the construction of scales. 

12. In laying off a length along a line with a scale, it is always 
well to check, either by reading off the distance along another part 
of the same scale, or by applying the scale so that it shall read back- 
wards. This is simple check, and a very useful one, as in plotting 
a survey it may often prevent considerable unnecessary labour. 

13. Eveiy drawing should have one or more long lines put in first 
across the paper, and at right angles to these, all new lines should be 
laid off from these guide lines, not from short lines of some part of the 
plan. The right angle guide lines should be laid with the compasses 
in the ordinary geometric way, not with the protector. If a T square 
and large set square is. used, this should be more accurate than any 
other way if carefully managed. 

Instructions for the preparation of finished AROHiiTECTuRAu 
AND Topographical Drawings 

Dmtoing paper — The drawing paper should be carefully examined 
to see which is the right side and that no niouldy spots exist. If any 
such spots are detected, the paper should be refected, as it is impos- 
sible t'o paint over the discoloured spots. . 
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Scales— Before commencing any drawing, the scale on which it is 
to be made should be carefully constructed at the foot of the paper- 
All measurements should be taken from this scale. No discrepancy 
will then exist, when the paper is removed from the board, between 
the measurements on the drawing and the corresponding ones on the 
scale. Such discrepancy is often very considerable when separated 
pieces of paper are employed for the scale and drawing : drawing paper 
is very sensitive to atmospheric conditions, and often shrinks consi- 
derably after removal from the board. 

The Drmoing — The drawhng should now' be put in wdth fine pencil 
lines, wdiich, when complete, may be inked in with, a fine drawing ])eii 
and the best Indian ink. No thick ink lines are on any account to 
be drawn till all the colours have been laid on. Care should be taken 
not to overshoot the corners where two lines intersect, and the lines, 
should be kept as fine as possible. 

Circles and arcs of circles should be inked in before straight lines.. 
In dr:awhng; circles, care must' be taken not to allow the point of the- 
compass to penetrate the paper; the holes thus formed are liable to* 
become filled up with colour and cause an unsightly blemish. The- 
fine outlines of the drawhng having been inked in. the paper should 
be thoroughlv cleaned wdth dry clean bread and India-rubber, buu the: 
latter should be used as sparingly as possible. 

Flat washes — In laying on a flat w^ash the drawhng board is alw^ays 
to be inclined so as to let the colour float dowuiw-ards, the brush being 
only needed to give direction. If the paper is horizontal, the wash, 
from remaining stagnant on one spot, deposits some of the solid 
colouring matter on the paper as a kind of precipitate, thus giving rise: 
to unsightly blotches and cut shades. 

It is quite unnecessary to wut the paper before laying on a flat wash 
if the following directions are observed : 

Sufficient colour should be mixed to last for the whiole of the wash 
required; any sediment should then be allowed to settle, and the clear- 
solution poured off into another saucer. A w'ash should never be com- 
menced whthout having a piece of blotting paper handy. A large brush 
should be used, and the colour kept running across the paper, working: 
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it gradually down the slope, and no portion of the '‘working” edge of 
the colour be allowed to dry up even for a second till the whole wash is 
•completed. Eed lines should not be washed over, or the colour will 
run. 'When a flat wash is uneven, or contains a cut shade (probably 
from allowing that portion to dry), or it is required to take out lines, or 
washes of colour, which are mistakes in the drawing, use a small soft 
isponge dipped in water, but not too full, apply the sponge boldh' but 
lightly, and have a piece of blotting paper at hand with which to l-lot 
-off the moisture.. Where the colour to be erased is near other colours 
which, the sponge might also touch, an aperture should be cut m a 
piece of paper, of the exact dimensions of the extent to be washed, the 
paper is then held firmly down upon the drawing so that only required 
portion of it is visible, and the sponge can then be applied without risl^ 
of- soiling the adjacent parts of the drawing. The sponge should 
never be used, either for, or near to, thick ink lines ; the ink is sure 
to run. Ink lines on tracing cloth can be taken out by means of moist 
'brush and some blotting paper. The spot operated upon will, however, 
lose its glaze, and any ink line drawm over it afterwards will be liable 
to run. 

When, as is often the case, a blot or small blemish in a fiat w'ash 
-of - colour has to be erased and fresh colour to be afteiwards applied, 
it is important to keep the texture of the paper as intact as possible,* 
the India-rubber should, therefore, be passed very lightly over the 
previously slightly moistened spot, and this operation should be 
.repeated till a perfectly clean surface is obtained. The colour is then 
to be stippled in by separate strokes ; not washed in ; as in this latter 
case, the rough suilace of the paper produced by rubbing would take 
the colour unevenly, and cause an unsightly blotch. 

Choice of tins - — The main point to bear in mind is to preserve 
harmony in the drawing. Bright colours go wdth strong lines and bold 
printing, while light shades, fine lines and unobtrusive printing go 
together. 

Thick lines and sdiadoios — ^These will not be often used, but are 
useful in certain cases in showing up a drawing. Their position is 
•determined by the supposition that the light enters from the top left 
I land corner of the paper. 
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Thus in the block plan of a building the dark lines will be on the 
Tight hand and lower. faces. 

This convention only applies to buildings in outline on plan; if the 
‘drawing involves cast shadows the rules detailed in Chapter Part II, 
must be followed. 

Lettering and printing — The size and thickness of lettering and 
‘jirinting should be in harmony with the size and boldness of the drawing 
All dimensions should be given; they cannot be too full or too mimerous: 
without them the drawing is almost useless, as even with a scale attached, 
.great labour will be required to make use of the drawing by its means 
only. The scale should, however, be considered by the draftsman as 
non-existent except, for the measurement of a few exceptional points. 
Every single dimension which an Engineer is likely to require to know 
;should be written on the plate in large legible figures. The draftsman 
is not to consider either that it is sufficient to give a dimension once, 
.upon the plan for instance, arul to omit it in consequence in the corre’- 
spondimj section : mi individual, for whose inspection an architectural 
•drawing is constincted, should never have to refer for information 
regarding a dimension either to a scale, or to another portion of the plate. 
iEimensions should be attached thus : 






^ — - 4' — ^ — 3 — 


the extent to which they refer being indicated by a dotted line 
-terminated at each end by an arrow head. In printing, the letters 
are to be large and legiMe. With regard to the direction of all printing 
upon a drawing the following rules should always be. observed: The 
•drawing being laid before the spectator in the position in which it is 
intended to be read, the edge nearest to him may be termed .the lower 
■edge, that to his right hand, the right edge : all printing must be when 
possible parallel to, and readable from,, the lower edge; when this is 
impossible, the printing must be parallel to, and readable from, the 
right edge. 
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Drawing required — The drawings usually required for the correct 
representations of a building are. Plans, Sections and Elevations. {For 
Definitions, see Chapter V.) 

The plan is most usualh’ a horizontal section of the building close 
above the ground floor, the floor, staircases, steps, etc., alo 2 ie are 
shown in actual plan. By this means we obtain the . positions and 
dimensions of the walls and rooms of the house. The roof is gener- 
ally shown as a separate drawing, containing full details of all its parts. 

If there is more than one floor to the building, a plan, or as we 
have just explained, a horizontal section, must be fmaiished at each 
different level. ... 

The method of representing doors, windows and arches in a plan 
is shown in the accompanying sketches — the shaded portion represents 
Crimson Lake : 

Door Wmcloio Arch 



Fire-places are of course drawn according to their particular outlines 
in plan. 

In a plan it is only necessary to colour the section of the walls. 
The floor, steps, etc.,. are drawn in outline only. 

The number of sections will depend upon the regularity of the 
building; generally it will be found that two-half sections are sufl&- 
cient for most symmetrically constructed houses. 

These two half-sections are generally placed side by side, divided 
by a single line. The lines on which they are constructed must be 
drawn very distinctly upon the plan, and lettered with Block Capital 
Letters. The section is then indicated as "‘section” or “half-section” 
on AB, CD, etc., as the case may be. 

Besides these sections, a partial elevation is sometimes constructed 
on the same line, i.e. on the plane of section in question, the result 
is then termed “A Sectional Elevation” on AB, CD, etc. In some 
cases the elevation of impoilant parts of a building cannot reallv be 
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seen, from the intervention of earth or other detail of structure, 
between it and the plane of projection. In this case the section is 
to be coloured and completed as under ordinary- circumstances, the 
outlines of the hidden elevation being drawn in with dotted lines only. 

Detailed sections on larger scales are at times required for some of" 
the details of construction, such as cornices, joints of rafters, etc., etc. 
Longitudinal sections are necessary for giving information otherwise^ 
unobtainable from the rest of the drawings. 

Elevations generally represent the whole of one side of the build- - 
ing ; every side which may differ from the others must have its own 
particular elevation. The sides may either be lettered in plan, and' 
the elevation referred to its proper side by means of these letters, or the- 
plan may be lettered North and South, in which case the elevations- 
would be termed those of the North, South, East or West faces, respec-- 
tively. 

In constructing these drawings, the plan should first be drawn,, then 
the sections, and finally the elevations. Sections of the various walls- 
must of course be supplied before the plan can be constructed. 

Conventional si^ns — It is obvious that some • convention or method 
is desirable to obtain a uniform representation of each material or* 
object by a colour or sign. The . conventional colours and signs given 
below include those laid down in the Public Works Department Code,.. 
Volume I, Chapter VII, and the topographical signs used by the Survey 
of India. ' 

Only the most important conventions are given, but there are- 
many others which are used in special branches, such as Irrigation and' 
Military Surveys, and the details of which can be obtained from the- 
various Conventional charts. If any special signs or abbreviations are- 
used, a table showing their meaning should be attached to the plan.. ' 

List of general Colour Conventions in use 
Maps 

Hills ... ... ... Brown. 

Sand hills ... ... Brown . ' 

Natural drainage ... ... Cobalt, if perennial, otherwise black.. 
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^Tanks or jhils 
Natural ravines and dry 
.E-ivers and streams ... 

I Brick .houses 
Village sites . • - 

! Mud houses 
.Eoads, metalled 
Eoads, unmetalled ... 
.Eailways 
Canals 


jEarthwork, natoal ... 


Do. artificial 


.Earthwork, natural ... 

Do. artificial 
• Concrete 


.Brickwork, pucca, in mortar 


^.Brickwork, pucca, in mud 


... Cobalt, if perennial, otherwise black, 
nalas Black. 

... Cobalt, if perennial, otherwise black. 

Vermilion. 

Vermilion. 

Vermilion. 

... Vermilion. 

... Black. 

... Cobalt. 

Plans of Works 

In section 

... A light w^ash of Burnt Sienna with 
the edges shaded with a darker 
tint of the same. 

... A light wash of Burnt Bienna with 
Indian ink etching shown for • 
the made earth. 

In Plan 

Indian ink shading on slopes. 

... Green shading on slopes. 

>.. A light wash of Burnt Umber with 
fine dots of the same colour in 
section. The covered edges to 
be shown by thin broken black 
lines in Plan. If the concrete 
used for the floor of a room is 
plastered over, use the conven- 
tional colour for the plaster used. 

Lake flat wash in section, Eor 
archwork vertical hachures of 
Lake may be added. Black out 
line plain in elevation. 

... A light wash of ‘Light Bed in sec- 
X tion. Black outline plain in ele- 
vation. 



, I 1 '' I*. ; '>, ~ , ‘ ’ "5^4-!’-'' ■ ’■- 'K ''■ *■ V '« ' . ..'' / . 1 
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Stone work 


Bubble stone, boulder, or kankar 
masonry in mortar. 


Bubble stone, boulder, or kankar 
masonry without mortar. 


Brickwork, kutcha, in mud 


Cast-iron 


Wrought iron 


\Voodwork, Fir wood 


Woodwork, hard wood 


Doors and windows 


A light wash to Burnt Umber with- 
alternate firm and broken ha- 
chures of the same colour in sec-- 
tion. A light wash of Burnt 
Umber in elevation. 

A light wash of Lake with broken: 
hachures of dark Lake in sec- 
tion. Black outline with black: 
broken hatching in elevation. 

A light wash of Burnt Umber hatch- - 
ed with Indian ink in section.. 
Black outline dotted with Indian- 
ink in elevation. 

Indian ink light wash in section.. 
Black outline plain in elevation.. 

Section — dark Indigo. 


I . 

Elevation — flight Indigo. 

' Section — dark Pnissian Blue. 


( Elevation — light Prussian Blue. 

A dark wash of Yellow Ochre witk 
burnt Sienna graining in sec- 
tion. A light wash of Yellow- 
Ochre with Burnt Sienna grain-- 
ing in elevation. 

A wash of Burnt Sienna with Burnt 


Umber graining in section. A 


light wash /of Burnt Umber in', 
elevation. 

In section — woodwork, same as- 
sjpecified for_ wood. Glasswnrk,. 
Cobalt. In elevation — woodwork,, 
same as specified. Glasswork. a 
triangular shaped flat wash of 
Cobalt in the upper left hand 
corner of each pane of glass. 
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IBrass 


'Copper 


jLead 


“Slate 

'Tile 


vCoiTUgated iron 


TTliatcli 


^Pointing brickwork ... 


... Purple (Crimson Lake and. Cobalt) 
with hachures of the same in 
section. A light wash of Purple 
in elevation. 

... Chrome Yellow mixed with a little 
Lake with hachures of the same 
in section. A light wash of the 
same colour in elevation. 

... Burnt Carmine mixed with a little 
Chrome Yellow with hachures of 
the same in section. A light 
wash of the same colour in eleva- 
tion. 

r,.,-, Indigo and a little Sepia mixed 
with hachures of the same in 
section. A light wash of the 
same colour in elevation. 

S5Z Neutral Tint with hachures of the 
same in section. A light wash 
of Neutral Tint in elevation. 

Lake in section. Lake and Burnt 
Sienna mixed (light wash), shad- 
ed, if necessary, to represent a 
slope,- wnth Neutral Tint in ele- 
vation. 

... A light wash of Payne’s Grey wdth 
hachures of the same in section. 
A light W'ash of Payne’s Grey in 
elevation. 

wr Burnt Umber with hachures of the 
same in section. A light wash 
of Burnt Umber in elevation. 

A light wash of Light Bed and a 
little Lake mixed together in 
elevation. 
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A wash of Light Eed in elevation. ' 

A wash of Neutral Tint in elevation. 
A wash of Payne’s Grrey in elevation. 
A wash of Light Eed over a light one 
of Neutral Tint in elevation. 

A light wash of Payne’s Grey in 
elevation. 

A light wash of Neutral Tint in 
elevation. 

A tint of the same colour as the 
colour wash in elevation. 

Plate Y shows the conventional signs used in the Survey of India. 


Lime plaster, ordinary 

Lo. slate-coloured 
Do. sand 

Do. Surkhi-coloured 

■Cement-plaster 

i 

■Whitewash 

Colour-wash 
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CHAPTEE III 


Construction of Scales 

Representative Fractions — Plain Scales— Comparative scales 
Diagonal Scales — Yernier Scales — Examples 

When anything which has to be repi‘esentecl on paper is so large- 
that it would be inconvenient to make a full-sized drawing of il, the 
drawing, or map, is made to another scale, that is, each line in the- 
plan, using this word as a general term, is made with a fixed and known, 
proportion to the line it represents. 

Suppose, for example, that in a drawing of a house a line one inch- 
long represents in plan a wall 100 feet long. Then, if the drawing* 
is “drawn to scale,” every other detail of the house will be represented 
by lines di'awn in the same proportion. This proportion is called the- 
scale of the drawing, and in this case the drawing is said to be drawn to- 
a scale of 100 feet to an inch. Further, it is evident that the actual 
length of each piece of the building is 1,200 times the length of the- 
line which represents it in the drawing ; or eveiy line in the drawing is- 
h part of the corresponding line in the object. 

This fraction which represents the ^Droportion of the drawing to 
the object is, called the ''Representative Fraction/' and this fraction 
should be entered in a conspicuous place on every plan. 

The student must clearly understand what is meant by the representa- 
tive fraction, to find which he must reduce the number of units repre- 
sented bji 1 inch in plan to inches. 

This will be the denominator of the fraction. The numerator *‘vilL 
invariably be 1. 

For example — 

Find the representative fraction of a scale of 1 furlong to an inch.. 

The denominator is then T2 x 3 x 220:=7,920 and the representative 
fraction is . 54 
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In addition to the representative, fraction, some means must be 
given by which any distance on the plan may be measm’ed olf , and 
the real length of the object it represents may be ascertained.. This 
is done by means of a graduated straight line called the Scale. 

Scales may be divided into — 

(1) Plain Scales. (3) Diagonal Scales. 

(2) Comparative Scales. (4) Vernier Scales. 

Before proceeding to consider the construction of scales it will be 
necessary to show how a given line can be divided into any desired^ 
number of- parts, as this construction is frequently required in the 
construction of scales. 

To divide a given line AB into five equal parts. (Plate YI, Fig. 1.) 

From the point A in the. given line AB, draw a line AC making 
any convenient angle with the line AB. This angle should not be 
too acute. Along AC vi^ork off five equal divisions, 1, 2, 3, 4, 5. Join 
6B., Through 1, 2, 3, 4 draw lines parallel to .5B, cutting AB in 

Pos P35 ^4 • These points will divide the line AB into five equal 
parts. Care should be taken to arrange the length of, the division 
taken, along AC in such a manner that the line 5B may be nearly at, 
right angles to AB. If the angle at which the line 5B meets AB is 
too acute it will be difficult to fix the points of intersection Pi, P2) Pa 
P4, exactly. 

Plan Scales 

In all scales it is evident that if they fulfil the functions explained 
above the unit of length of the scale must bear the proportion shown 
by the representative fraction to a real unit, and any length on the 
scale the same to the real length.. . 

We will now give a few examples embodying the chief points to 
be kept in mind in the construction of scales. 

Example 1 — To construct a scale of 100 feet to an inch to read to 
lb feet. (Plate YI, Fig. 2.) 

Scales are usually made about 6 inches long. For this case 6 inches- 
will be found convenient as it represents 600 feet. . i 

Draw a line 6 inches long and divide it into six equal parts. 
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The left hand division is always used to show the smallest unit 
required; in this case 10 feet. Divide this division into 10 equal - 
parts. These will each represent 10 feet. Ink in two lines for the 

scale ^oths of an inch apart, the bottom one being darker than tlie 

8 

top one. Draw perpendicular lines g^ths of an inch high to show 

the primai’y divisions, and Qo^^hs of an inch high to show the second- 

■ary sub-divisions. The right hand point of the left hand division 
is invariably marked 0; the secondary sub-divisions starting from that 
point are marked from right to left, and the primary divisions from 
left to right. ® Print in the title of the scale and the representative 
fraction, and the unit (feet) which the primary and secondary divisions 
represent. On the right hand side of Fig. 2 are shown convenient 
■distances at which the various lines for construction and printing may 
be di’awn. . 

1 

Example 2 — The representative fraction of a plan iSgQ, construct 

a scale to read to feet. (Plate Yl, Pig. 3.) 

Here 60 inches, or 5 feet, represents one inch, and 6 inches on 
the scale will represent 30 feet. Lay down 6 inches and divide it 
into three parts, and the left hand sub-division into 10 parts. Pinish 
.as in Example 1. 

Example 3— To construct a scale of 13 yards to an inch, to read to 
yards. (Plate YI, Fig. 4.) 

Here do not follow the too common error of laying down inches, 
and dividing the left hand inch into 13, and numbering the others 
13, 26, 39, etc., so that nothing can be conveniently measmcd on it, 
but proceed thus. Here 13 yards equal 1 inch, therefore 6 inches 
represent 78 yards. The nearest next numbered scale to this will 
be 70 yards, i.e., 10 units to left, and 60 to right, of zero. ; So, as 

(78 : 70 : :6 :o'39. Lay down 6-39 inches and divide into 7 parts, and 

. 1 1 . 

the left hand part into 10. Eepresentative fraction ^ 3 ^ 

For the method of laying oc a distance of 5 '39 inches, see Diagonal 

■.Scales, Example 13. . . 

Example 4— To construct a scale of 2 miles to the inch, showing 
miles and furlongs. (Plate YI, Fig. 5.) 

Here 6 inches'=12 miles, but 1 mile to left and 11 miles to right 
'.would not look well. So as 12 : 11 : :6 : 5’5 inches. Lay down 5-o 
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inches and divide into 11 spaces, and divide the left hand space into 
:8 furlongs. Eepresentative fraction i 2 x 5280 x I 2 "^ i 2672 u . 

Example 5 — To draw a scale of 6 inches to a mile to read to yards. 
(No figures are given for Example 5, 6, 7 and 8.) 

It will be most convenient to draw primary divisions to show 1,500 
jards and secondary sub-divisions to show 100 yards.. Six inches re- 
present 1,760 yards. So, 1,760 : 1,600 : :6 : 5'45. 

Lay down 5 "45 inches and divide as usal. Eepresentative fraction 
I 1 

1760 X3X 12“ lose- 

Example 6 — To construct a scale of 8 inches to the mile, in paces 
of 30 inches. 

5280 


Here 8 inches = 5,280 feet, or 


= 2,112 paces. Then say 1,600 


paces is the length chosen. As 2112 : 1600 ; :8 : a; etc. 

Example 7 — To construct a scale of gn^do showing chains of 100 
leet. 

Here 1 foot = 20,000 feet, and 6 inches = 10 ,000 feet, or 100 chains. 
Then 110 chains will be the length of the scale. So, as 100 : 110 ; ‘.6 : 
^etc. 

Example 8 — The representative fractions of two plans of a Russian 
fort are and construct a scale of French toises for the former, 
and one of Russian archines for the other. The toise = 213142 yards, 
;the archine = ‘ 7777 yards. 

In the first, 1 toise of 2T3 yards represents 800 toises. Reduced 


in inches, 76'68 inches on plan equals 800 toises, or 7'67 inches = 80 
toises. Thus 60 will be nearest suitable length for scale, and 80 ; 60 : 

:7-67 : etc., etc. The other is just similar. 

Example 9 — In a rapid reconnaissance, when time will not admit 
of distances being measured by a chain or perambulator, they can be 
roughly measured by time. If the rate of a horse is known, when 
trotting or at a gallop, etc., a scale can be made by which distances 
.are at once taken off from simple observations on the time which has 
elapsed. {Plate YI, Fig. 6.) 

Suppose a scale of 6 inches to a mile is required, adapted to 

the pace of a horse which trots at the rate of 240 j-ards a minute. 
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Then in 9 minutes a horse ■will trot 2,160 yards. Make a scale of 
6 inches to a mile to show 2,160 yards. The length of this line will 
he 10,560 : 2160 : X 36 :1 : 7-36. 

Lay off a line 7'36 inches long and divide it into 9 equal parts. 
Each part will represent the distance over which the horse travels in 
a minute, or 240 yards. Sub-divide the left hand division into 6, which 
will then read to 10 second?. 

Compapative Scales 

When the given scale of a plan reads in a certain measine, and it be 
desired to construct a scale for the plan reading in some other measure, 
rhis new scale is called a Comparative Scale. 

Thus if the scale of the plan of a French building reads in deci- 
metres, and it is desired to take measurements off the plan in feet, 
a comparative scale must be constructed. The main point to bear in 
mind is that the representative fractions of the two scales must be the 
same. 

Example 10 — The scale of an Indian plan is drawn in Haths. It 
is found by measuring the scale that one inch represents 6 75 Haths. It 
is required to draw a comparative scale of feet. 

(1 Hath = 18 inches.) (Plate ¥1, Fig. 7.) 

The representative fraction is g r T S ^x Ts^ili^ 

Take a length of scale to show 60 feet, then 
121-5: 720: :l:5-92 

- Lay down a line 5-92 inches long and divide it into 6 parts, and 
the left hand division into 10 parts. These now represent feet. 

' Example 11 — The scale of a map of France is in French leagues 
(1 French league =4262-84 English yards). It is found by measuring, 
the scale that 3-75 inches represent 25 leagues. Construct the 
corresponding scale of English miles (Plate Y, Fig. 8.) 

Here 25 leagues =. x 25 = 60-5 miles. 

Consequently, 60*5 miles are represented by 3*75 .inches, so tho 
scale may show 110 without being very long., So, 60*5': 110: :3‘75: 
6*81. 



CONSTRUCTION OF SCALES 


59 






Divide then a line 6 '81 inches long into 1.1. equal parts, to show 
spaces of 10 miles ; sub-divide the first primary division into 10 equal 
parts to show miles. 

Example 12— A map is drawn to a scale of 2 miles to an inch 
Construct a comparative scale of Russian versts. (No figure is given.) 

1 Russian verst = 1166 ‘6 English yards. - 

As the two scales must have the same representative fraction, this 
question is at once reduced to that of making a scale of 
versts. But it can also be found directly as follows : 

represents 2 English miles, and 2 English miles 
ni6-6 ^’’-^ssian versts, therefore one inch will represent 
= 3-02 versts. The scale will be best 21- versts Ion o- 

1 n /2 A O to * 


126720 


to show 


1760X2 

1160-6 

.• = 


versts : 21 versts : :1 inch : x inches. 


21x1x1106-6 

I76UX2 ■ 


= 6' 96 inches. 


Set off a line 6'96 inches long, and divide it into 21 parts, each part 
will represent a verst. Divide the left hand space into quarters. 

In Plate VII, Pig. 1, is shown another sort of Comparative scale which 
is sometimes useful in enlarging or reducing a plan. 

If the same distance on two plans of different scales be represented 
by AB and AC, then all lines parallel to BC will cut off lengths from A 
m the proportion of AB ; AC. Therefore, taking any measurement 
on one plan with, the compass and applying it from A along its line, 
say AB, the length of the same measurement on the other plan will 

be found by moving the right leg of the compass down the cross line 
ACtoC.. 

Diagonal Scales 

It will be seen from the preceding examples that some method of 
representing a decimal notation as often requhed. Further, on a plain 
scale it is only possible to read in two dimensions, such as yards and 
feet, inches and tenths of an inch, etc. It may be deshed to read 
an three dimensions, such as . yards, feet and inches, tenths of inches 
and hundredths of inches. For this purpose a diagonal scale is used. 
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Example 13 — To draw a diagonal scale of inches, to read to one 
hundredth of an inch. (Plate YII, Fig. 2.) 

Draw a line 6 inches long and divide it into six parts. Divide the* 
left hand sub-division into 10 parts, and at the extreme left raise a 
perpendicular. On this j)erpendicular lay off 10 equidistant points, 
and through them draw 10 lines parallel to the scale line. Divide 
the top line in the left hand sub-division into 10 parts. Draw lines 
straight up through the divisions right of zero^ but to the left of zero 
draw diagonal lines to the divisions to the left on the top line, and 
number as shown in the Figure. 

Then it is evident that each division we move along the bottom 
line from 0 to 10 we further from zero, but if we 

move along one of the diagonal lines, say from zero to the first division 
to the left on the top line, then every time a fresh line is cinssed we 
have moved j^th of an inch further from zero. 

The cross marks on the figure show 3*69 and 5-32 inches respect- 
ively, reading from the top. 

The main point to remember in drawing a diagonal scale is that 
the left hand sub-division must be divided into the number of units- 
of the second dimension required, and the number of parallel lines- 
drawn above the scale line must be the same as the number of units-, 
there are of the third dimensions in a unit of the second dimension. 

For example, if it was required to draw a diagonal scale of yards,, 
feet and inches, the primary divisions would be yards, the left hand 
division would be divided into 3 for feet, and the number of parallel 
lines required would be 12.-. 

Latitude and Longittide — Diagonal scales are invariably used for 
plotting data on geographical maps, and since geographical maps are- 
divided up into graticules of some integral part of degrees, a scale of 
degrees, minutes and seconds will be required. For example, a 
standard map of India drawn to a scale of 1 inch to a mile is 15 minutes- 
in latitude and 1& minutes in longitude. Here the scales suitable for 
plotting will be of 5 minutes each. To make these scales, take off 
one-third of the length in latitude, and in longitude^ divide it into fivo 
equalj parts, and 'sub-divide the left hand part into sax parts of 
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10 seconds each. To be able to read to one second, draw ten horizontal 
lines and complete the diagonal part. It must be remembered that 
the length of one degree of latitude and longitude varies and decreases 
from the equator northwards and southwards. Scale for each 5 minutes 
in length will be found sufficient. 

Yernier Scales 

Vernier scales are sometimes used instead of diagonal scales. The 
principle on which they are constructed is as follows : 

If we have any length of scale representing n units of measure- 
ments and divide it into n equal parts, each part will represent one 
unit. If now we take a line equal to (in-l) of these units, and divide 

it also into n parts, each minor division will be equal to units, 

and the difference between one minor division of the last and one- 

minor division of the first will be original unit. 

And, similarly, the difference between two divisions of the one and 

two of the other will be — of a unit — between 3 of one and 3 of the 

n 

3 

other and so on. 

Example 14 — To construct a scale of to show feet and tenths*. 
(Plate YII, Fig. 3.) 

Let the scale be drawn in the ordinary way, but sub-divided 
throughout its entire length; each sub-division shows one foot; set 
off to the left, on the upper line, a distance equal to 11 sub-divisions 
commencing from the zero of the scale; divide this into 10 equal part’s 
as in the figure. Since 11 sub-divisions of the plain scale have been 
divided into 10 equal parts on the vernier scale, each division on the 

vernier will represent -^i=l’l of the sub-divisions on the plain scale,. 

and as these show feet, each division on the vernier will show 1*11 
foot ; consequent!}^ the several distances from the zero of the scales 
to the successive ■ divisions on the vernier will show I’l, 2 “2. 3 3,. 
4.4, 5.5, 6.6, 7.7, 8.8, 9.9 and 11 feet. The scale is used thus— 

Let it be required to take off 26*7 feet. 

Now the .seventh division on the vernier will give us a reading of 
7’ 7 on the scale. 
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Subtract 7-7 from 26-7, the remainder is 19; place one pomt of 
the compass on the 19th sub-division on the upper line of the plain 
scale, and the other on the 7th division of the vernier; this distance 
represents 26*7 feet. 

Vernier scales, when applied to instruments, are constructed so 
that the vernier can be made to slide on the main scale. In this case 
it is more convenient if the vernier and scale read the same \yaj' , and 
for this purpose it is necesssary to take the n — 1 units to divide n. The 

difference is just the same; it is 1 — — n of a- unit. 

Example 13— It is required to measure the rise and fall of the 
mercury in a barometer to the 100th of an inch. (Plate YII, Fig. 4.) 

The main scale is divided into inches and tenths of inches. Tor 
the vernier take 9 sub-divisions and divide this distance into 10 parts. 

When the top of the mercury falls between any two of the divisions 
on the main scale, it is only necessary to slide the zero of the verniei 
to fit with the top of the column, and read the number of the division 
that coincides with one of the plain scale. , Here the reading is 28 97 
inches. The difference between the top of the mercury or zero of 
vernier, and 28'9, is that between 7 divisions on the fixed and 7 on 
the vernier scale, or If the student will just mark off the divi- 
sions of the vernier on a separate slip^^of paper, and slide this about to 
fit any different height of mercury, the process will be immediately 
clear. 


Example 16 — Construct a movable vernier to read minutes to a 
surveying instrument of which the arc is graduated to degrees and 
half degrees. (Plate ¥11, Fig. 5.) 


Here the smallest division on the graduated arc is 30 minutes. 
Take a length of 29 minutes, and divide it into 30 for the vernier. In 
reading read to nearest half degree, and add the number of minutes 
.show'll by the verifier. In this case it is 2° 30' + 11', or 2° 41'. 


Examples 

1. Construct a scale of to read to 20 feet. 

2. Construct a scale of 8-5 feet to an inch to read to single feet. 
8. Construct a scale of metres ^ (1 metre = 1' 0936 yards). 
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4. binding that the distance between two points on a Swedish 
map is 7 inches , and the real distance on the ground 5,000 alners. 
Construct a scale of feet (1 alner = *6493 yard). 

5. Construct a scale 22 yards to an inch, on which single yards 

can be measured. 

6. Construct a scale of 6 inches to a mile, showing chains (100 
feet). 

7. The distance between Roorkee and Saharanpur is 23 miles, and 
measures on a map 13*57 inches. Draw the scale of the map showing 
miles and furlongs, and mark off 7 miles 3 furlongs on it. 


^8. Construct a scale of 


33000 


to show versts (1 verst = 1,166 68 


yards) . 

9. On a plan 3 ’21 inches represent 47 feet. Construct a scale. 

10. The plan of a building is square of 3 ^ inches side, the length 
of the diagonal repi’esents 100 feet. Construct a scale to read to inches 
and mark off 63 feet 8 inches on it. i , . 

11. Draw a scale of miles and furlongs, in which 1^^ furlongs equal 

of an inch. 

12. ConstiTict a diagonal scale of 9 inches to a mile to read to 
furlongs.. 

13. Construct a scale of 5 miles to an inch and a comparative 
scale of Russian versts (1 verst = 1,166* 68 yards). 

14. Draw a diagonal scale to read to the thousandth of a foot. 

15. A Prussian fathom contains 6 Rhenish feet, each equal to 
1*0297 English feet. Construct a scale of fathoms -j-p , showing feet 
diagonally. 

16. An Englishman, wishing to examine a Spanish plan, finds 
only a scale of Spanish palms, 20 to an inch; supply him with a cor- 
responding scale of English feet, taking the palm as^ ‘634 of an English 
foot. Show 50 feet. 

17. Draw scales of represent English feet, Erench' metres, 

and Greek cubits. 1 metre = 3*27 feet, 1 cubit=‘45- metre.- 

18. Construct a scale of 6 inches to a mile, to measure furlongs and 
diagonally spaces of 60 feet.. 


mm 
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19. A map is 36 inches long and 30 inches broad; it represents- 
an area of 25 acres; draw the scale of the map to show poles, yards,, 
and (diagonally) feet (4,840 square 3 'ard 3 = l acre). 

20. Heqnired a scale of Eussian archines, for a plan on which 
the breadth of a river, really 50 sachines, is represented by 12 English, 
inches. 3 archines = 1 sachine = 2’3332 English yards. 

21. Construct a scale of 8 inches to 1 mile to read to 20 paces, and 
by a vernier to 5 paces. 1 pace = 30 inches. • 

22. The distance between two points, 1 Austrian mile apart, is. 
represented on a map by 2 '66 English inches. Construct a diagonal 
scale of English miles. 1 Austrian mile = 3-3312 English miles. 

23. Construct a scale of to take off intervals of time adapted 

to the trot of a pony, which goes over 180 yards per minute at a fast 
trot. Show’ 10 minutes.. 

24. A horse passes over about 280 j'ards per minute at a gallop.. 
Construct a scale of 20 ^ adapted to time. Show^ 10 minutes, 

25. On a plan 1,200 yards are represented by 15 inches. ; Draw 
a comparative scale of French metres (1 metre = 1*0936 yards). 

26. The representative fraction of a scale on a Russian map is- 

Draw a comparative scale of .French metres (1 metre = 39*37. 
inches). 

27. A distance on a French map which is known to be 3- miles- 
measures 18 inches. Taking a pace to be 32 inches, construct a scale- 
of paces for the map. 

28. Construct a vernier scale of to show’ feet and inches and 
mark off -25 feet 77 inches on it. 

29. Construct a scale of to show’ poles and yards, and by a*: 
vernier to read feet. 

30. Construct a diagonal scale of to show metres, decimetres, - 
and centimetres (1 metre. =3' 28 feet). 

31. A scale of 4 inches to the mile is attached to a map. On-- 
this I find the distance between two points to be 1 mile 5 furlongs. 
I measure the same distance on the ground and find it to be 1 mile- 
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3 furlongs. Knowing the survey to be correct, construct a correct scale 

to the map to read to miles and furlongs. 

32. Construct a scale of chords and by means of it set offi from a 

line an angle of 75°. ^ 

33. One degree on a scale is represented by ^of an inch. Con- 
struct a scale showing degrees and quarter degrees, with a movable 
vernier to read minutes.. On this scale maik off 4 34 . 

34. You are given a survey of a portion of country drawn to a 
scale of 16 inches to a mile. The paper it is on measmes 32 inches., 
long by 26 inches broad. Find the area of the country and the area 
of paper required to copy the survey to a scale of 12 inches to a mile. 

What are the representative fractions of the two scales? 

35. A map is 40 inches long and 27 inches broad; it represents 
an area of 50 square miles. Draw the scale of the map to show miles,, 
furlongs, and diagonally chains. 

36. A cavalry officer finds that his horse canters 16 miles an hour. 
Construct a diagonal scale of adapted to time, and mark off on 
it the distance he traverses in 7 minutes 42 seconds. 

37. Twn posts of the handrail of a staircase have their axes verti- 
cal and the top of the lower and the base of the upper are in a hori- 
zontal line, 3 jards, 1 foot, 4 inches apart centre to centre. Draw a 

diagonal scale to read yards, feet, and inches. ■ If the line joining 
the centres of the tops slopes 1 in 2, show- it graphically on your scale 
■and write down its length to the nearest inch. 

38.. A standard map of India in a certain latitude measuies IS* 
inches in longitude and 17*1 inches in latitude. Construct a scale 
of latitude and longitude for the map, and show 2 feet 37 inches both 
in latitude and longitude. Standard maps of India are 15 minutes in 
latitude and longitude. 

39. Construct a scale of 3 inches to a mile, and add a \erniei to 
read in spaces of 60 feet. On this scale mark off a distance of 1 ruiloy 
3 furlongs, 420 feet. 

40. Illustrate by examples how you would enlarge or reduce a 
drawing, (a) when the figure is regular, (b) when the figure is irregular. 
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CHAPTER IV 
Plane Geometry . 

Plane Geometry deals with the representation of jjiane surfaces (having 
length and lu'eadth only) on a plane surface, such as paper. 

Buies for Drmcing 

1. Given lines to be thin continuous lines. 

2. Eesultinq hues to be thick continuous lines. 

3. All construction lines to be pine common uotted lines. 

DEFINITIONS 

1. .4 jjoint is that w'hich has position but not magnitude. 

2. A line is that which has only length. Hence the extremities 
■of a line are points, and the intersections of one line with another are 
•a.lso points. 

3. A straight line is the shortest distance between its extreme 
points. 

4. Every line which is neither straight nor composed of straight 
'lines is a curve. 

5. Straight lines which are in the same plane, and being pro- 
duced ever so far both ways, do not meet are called parallel lines. 

6. A plane rectilineal angle is the inclination of two straight lines 
to one another, which meet together, but are not in the same straight 
hne. 

7. When a straight line, standing on another straight line, makes 
the adjacent angles equal to one another, each of these angles is called 
a right angle, and the straight line which stands on the other is called- 
a perpendicular to it., 

8. An oht-use angle is that which is greater than a right angle; and 
an aouite angle is that which is less than a right angle. 

9. The complement of an angle is that which it requires to com- 

■plete a right angle. ■ • 

10. The supplement of an angle is that which it requires to com- 
■plete two right angleA , 
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11. A ji'^ane figure is a plane terminated everywhere by lines. If 
Mie lines be straight it is called a rectilineal figure, or a polygon, and 
the lines themselves constitute the perimeter of the polygon. 

12. When a rectilinear figure has three sides, it is called a triangle; 
when it has four, it is called a guadrilateral ; wdien it has five, a pe7itagon; 
when six hexago7i; and so on. 

13.. An eguilaterail triangle is that which has three equal sides 
an isosceles triangle is that which has only two equal sides; and a 
scalene triangle is that which has all its sides unequal. 

14.. A right-angled triangle is that which has a right angle; the 
side opposite to the right angle is called the hijpote^iuse. An obtuse- 
angled triangle is that which has an obtuse angle; and an acute-ajigled 
triangle is that which has three acute angles. 

15. 'Of quadrilateral figures, a square is that which has all its sides- 
equal and all its angles right angles. A rectangle is that which has 
all its angles right angles, but not all its ^ sides equal. A rhoinbus is 
that which has all its sides equal, but its angles are not right angles. 
A parallelogram is that which has its opposite sides parallel. A tra- 
pezoid is that which has only two of its opposite sides parallel. All 
other four-sided figures are called trapeziums . 

16. The vertex of an angle is the point where the two lines forming, 
the angle meet. 

17. A diagonal is a straight line which joins the vertices of two 
angles which are not adjacent to each other. 

18. An equilateral polygon is that which has all its sides equal 
and an equkmgular polygon is that which has all its angles equal.. If 
a polygon be both equilateral and equiangular, it is called a regular 
polygo7i. 

19. A cmcle is a plane figure contained by' one curved line which 
is called the ciraimferencefi a>nd is such that all straight lines drawn 
from a certain point within the figure, called the centre, to the cir- 
cumference are equal to one another. 

20. A diameter of a cncle is any straight line drawn through the 
centre and terminated both ways by the circumference. 

21. The radius of a circle is a straight line drawn from the centre-, 
to the circumference. 
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22. A semicircle is half a circle, and a quadrant is a quarter of a 
■circle. 

23. An arc of a circle is any portion of its circumference. 

24. A chord is a straight line which joins the extremities of an 
arc. 

25. A secjnient of a circle is the figure contained by an arc and its 
-chord. 

26. A sector of a circle is the portion of a chcle contained by two 
radii and the arc between them. 

27. A tangent is a straight line which touches a circle in a point but 
which wdien produced does not cut it. 

Lines and Angles 

Unless otherwise stated, '‘a line” means “a straight line.” 

Problem 1— To bisect a given line AB or regular curve AEB, (Plate 
¥111, Fig. 1.) 

With centres A and B and any convenient radius describe arcs 
iirtersecting at C and I). Join CB. cutting AB in h and ABB in B. 
Then the given straight line is bisected at F, and the given regular 
-curve at E. 

Problem 2 — Through a given point P to draw a line prependicular to a 
given line AB. 

Case 1. When the point P is at or near the middle of the giver- 
line (Plate VIII, Fig. 2.) Make PA equal to PB. With centins A 
-and B and any convenient radius, draw arcs intersecting at 0. Q 

Join OP. Then OP is perpendicular to AB, and passes through 
the point P.. 

Case 2. When the point P is at or near the extremity of the given 
line (Pilate VIII, Fig. 3). Take any convenient point 0. V/ith 0 
as centre and CP as radius, describe a semicircle cutting AB iji D. 
Join DC, and produce the line to cut the semicircle in E. Join EP. 
Then EP. is the required perpendicular. 

Case 3. When the point P is not in the given line but opposite 
-or nearly opposite the middle of the line (Plate WII, Fig. 4). With 
,P as centre and any convenient radius describe an arc cutting AB 
in 0 and D. With centres 0 and D and any radius, describe .arcs 
jutersecting at E. Join EP. Then EP is the required perpendicular 
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Case 4. Wlien the point P is not in the given line but opposite 
■or nearly opposite an extremity {Plate YIII, Fig. 5). 

Draw any line PC cutting AB in C. On CP as diameter describe 
■a semicircle cutting AB in E. Join PE. Then PE is the required 
perpendicular. 

Case 5. Wlien the point P is beyond the extremity ot the given 
line (Plate VIII, Fig. 6). 

With centres A and B and radii AP and BP, describe arcs inter- 
secting at P and C. Join PC. Then PC is the required perpendicular. 

Problem 3 — To draw a line parallel to a given line AB. (Plate 
YIII, Fig. 7.) 

At any two points C and D in AB erect perpendiculars, and on 
these mark off equal distances CE and DE. Join EE. Then EE 
is the required line parallel to AB. 

Problem 4 — Through a given point P to draw a line parallel to a 
given line AB. (Plate YIII, Fig. 8.) 

With P as centre and any radius draw the arc DC cutting AB in 
C. With C as centre and CP as radius, draw the arc PE cutting A'B 
in E. Make CD equal to EP. Join DP. Then DP is the required 
line parallel to AB. 

Problem S-^To bisect a given angle ABC. (Plate YIII, Pig. 9.) 

With centre B and anj?- convenient radius, describe the arc DE 
cutting BA in D and BC in E. With centres D and E and any radius, 
draw arcs intersecting at E. Join BE. Then the line BE bisects 
the angle ABC. 

Problem 6 — To determine the direction of the line which would 
bisect the angle contained by two given lines AB and CD intersecting 
beyond the limits of the paper. (Plate YIII, Fig. 10.) 

Erom any point E in AB draw a line EE parallel to CD. With E 
as centre and any convenient radius EE, describe the arc EG- cutting 
AB in G-. Join GE, and produce it to cut CD in H. Draw MN bisect- 
ing GrPI at right angles ; this is the required line. 

Problem 7 — Through a given point P to draw a line which would, 
if produced, pass through the angular point in which two given lines 
AB and CD would meet if produced. (Plate YIII, Fig. 11.) 
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Draw line EF cutting AB in E and CD in E. Join E]:' and 
EP. Draw GH parallel to EE and GK and HK parallel to EP and 
EP. Join PIv. Then PK is the required line. 

Problem 8— To trisect a right angle ABC. (Plate YIII, Fig. 12.) 

Draw any convenient arc AG. With A and 0 as centres and BA 
as radius, mark off points E and E on the arc AC. Join BE and BE. 
Then the lines BE and BE trisect the right angle ABC. 

Problem 9 — To trisect any given angle ABC. (Plate YIII, Fig. 13.) 

Ayfroximate method. 

Draw any convenient arc DE. Bisect the angle ABC in BT'. Join 
DE. On DE describe the semicircle DEE, and with centres D and IL 
and radius equal to half DE, mark off points G and H on the semi- 
circle DEE. Alake E.L = DE. Join LG and LH, cutting the arc 
DE in M and E. Join BM and BN. Then the lines BM and BN 
trisect the angle ABC. 

Problem 10— To find a point P and a given line AB equidistant from 
two given points C and D. (Plate YIII, Fig. 14.) 

■Join CD and bisect it at right angles by the line EP, cutting AB 
in P. Then .P is the required point. 

Problem 11— From two given points C and D to draw two straight 
lines to make equal angles with a given line AB. (Plate YIII, Fig. 15.) 

Draw GEE perpendicular to AB, and make EE equal to EC. Join 
ED cutting AB in P. Join CP. Then CP and DP are the two requir- 
ed lines. . 

Problem 12 — Through a point P to draw a line making equal angles- 
with two converging lines AB and CD. (Plate YIII, Pig. 16.) 

Through any point A in AB draw the line EE parallel to CD.' 
Bisect the angle BAB by the line GA. Through P draw PH parallel 
to GA. Then PH is the required line. 

Problem 13 — Through a point P between two converging lines 
AB and CD to draw a line terminating in AB and CD and bisected in P. 
(Plate YIII, Fig. 17.) 

Draw PE perpendicular to CD. Produce EP and make PE equal 
to PE. Draw EL parallel to CD cutting AB in L. Erom L draw 
LH, passing through P.. Then LEI is the required line and is bisected 
in P. 
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Exercise — Lines and Angles 

Compasses and rulers are only to be used unless the use of set 
squares is specified. 

1. Erom one extremity of a line 3 indies long draw a perpendi- 
cular 2 inches long without producing the line. 

2. Divide a line 3 inches long into seven equal parts. 

3. A line 5 inches long is divided into six equal parts; draw 
parallel lines half an inch apart through the divisions of the given line. 

4. Bisect a given line 3 inches long by use of set squares with angles 
of 45° and 60°. 

5. . Bisect a given angle by the use of set squares. 

6. Divide a given angle into eight equal angles. 

7.. Draw an angle equal to the sum of two given angles. 

8. Construct angles of 60°, 45°, 105°, 150° with the aid of com- 
passes and ruler only. 

9. Construct angles of 75°, 120°, 135°, and 15° with the aid of 
set squares (of 45° and 60°) only. 

10. Divide a line 3 inches long into five equal parts with the use cf 
compasses and ruler only. 

Triangles 


Problem 14 — To draw an isosceles triangle, given the base AB and 
the length of a side C. (Plate YIII, Fig. 18.) 

With centres A and B and radius equal to C, describe arcs inter- 
secting at D. Join AD and BD. Then ABD is the required triangle. 

(If the base -AB equals C, the triangle will be an equilateral tri- 
angle.) 

Problem 15 — To draw an isosceles triangle, given the length of a. 
-side G, and the angle at the base a. (Plate YIII, Fig. 19.) 

Make the angle BAD equal to (i. Make AD equal to C, and with 
centre D and radius equal to C mark the point B on AB. Then AB1> 
is the required triangle. 

Problem 16 — To draw an isosceles triangle, given the base AB and 
the vertical angle bac. (Plate YIII, Fig. 20.) 

Make cib equal to ac and join ha. On AB make AE equal to ho, 
arid the triangle EAE equal to the triangle cha. Draw BC parallel 
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to EF and pi’oduce AE until it meets BC in C. Then BAG is the re- 
quired triangle. 

Problem 17 — To draw an isosceles triangle, given the altitude AB 
and the vertical angle a. (Plate YIII, Fig. 21.) 

Bisect the angle a. At A lay off on each side of BA angles BAE 
and BAF equal to half o. Through B draw GBFI perpendicular to 
BA. Then GAH is the required triangle. 

Problem 18— To draw an isosceles triangle, given the altitude AB 
and a base angle a. (Plate YIII, Fig. 22.) 

Through B draw CD perpendicular to BA.. Make the angle EB.E 
equal to a. Draw AC parallel to BE. Make BD equal to BC. Join 
DA. Then DCA is the required triangle. 

Problem 19— To draw any triangle, given the base AB, the vertical 
.angle ^ and a base angif (Plate YIII, Fig. 23.) 

At A make the angle JdAD equal to a. In make the angle aha 
equal to a. At B make the angle ABD equal to hca. Then ABD is 
the required triangle. 

Problem 20— To draw any triangle, given the altitude AB, and the 
■two base angles a and . (Plate YIII, Fig. 25.) 

Through A and B draw lines EF and CD perpendicular to AB. 
Make the angle E AC equal to ^ and the angle FAD equal to a. Then 
ACD is the required triangle. 

Problem 21~To draw any triangle, given the base AB, the altitude 
€. and the vertical angle a. (Plate YHI, Fig. 25.) 

sect A13 at ii.^ht angles the line PE. Make EE equal to G. 
Make the angle EAO equal to d. Draw AD perpendicular to AO 
cutting EE in D. With centre D and radius DA describe the seo'ment 

O 

of a circle AGB. Through. E di’aw GFI parallel to AB, cutting the cir- 
cumference of the circle in G. Join GA and GB. Then GAB is the 
required triangle. 

Problem 22 — To drav/ any triangle, of perimeter equal to a given 
length DE and similar to a given triangle ABC. (Plate YIII, Fig. 26.) 

On DE draw the triangle DFE similar to ABC. Bisect the angles 
FDE and FED by hnes meeting in G. Draw GIT parallel to FD 
and GE parallel to FE. Then GHK is the required triangle. 
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Problem 23 — ^To draw a right angled triangle, given the hypotenuse 

and the length of one side C. (Plate YIII, Pig. 27.) 

On AB describe a semicircle. With cenb'e 13 and radius equal to 
0, cut off a point D, on the circumference. Toin AD and BD. Then 
ADB is the required triangle. 

(If the base angle is given instead of the length oi: the side, make 

a,ngle ABD equal to the base angle.) 

Problem 25— To draw a right angled triangle, given the length of 
"the hypotenuse AB and the perpendicular C let fall on to it from the 
opposite angle. (Plate YIII, Fig. 28.) 

On AB describe a semicircle. Draw DE parallel to AB, and at a 
distance from AB equal to 0, cutting the semicircle in D and D. Join 
AD and BD'. Then ADB is the required triangle. 

Esbecises— Triangles 

1. Draw a triangle, the sides of which are 3'0, l'7o and 2-5 inches 
•respectively. 

2. On a base of TJ inches construct an isosceles triangle within 
•vertical angle of 45°. 

Bisect tlie base AB by a j^arpeudiculai- CD. 'With C as centre and CA as I'adte 
-out DC in B. With B as centre, and radius EA describe the arc ABB cutting CD 
in B. Join AB, 'BB. 

3., On a base of 2 inches, construct an isosceles triangle -Viuth a 
vertical angle of 30°. 

4. Construct a triangle, given the length of the altitude, one side 
and the base. 

5. Construct a triangle, given the length of the altitude and the 
two sides. 

6. Construct a triangle on a base of 2 inches having angles m the 
proportion of 2, 5, ,7. 

Produce the base AB. With centre A and any radius, describe a semicircle, and 
divide it into 14 parts. Join B5. Make the opposite angle BAG equal to ‘2AO. 

7. Construct a triangle with a perimeter of 4 inches, the sides to be 
•in the proportion of 2, 3, 4. 

Divide 4 inclies into 9 parts, wi41i centres 2 and 5 and radii 2, 0, 5, 9, describe arcs 
'intersecting in B, then 2 5 B is the required triangle. 

8. Construct a right-angled triangle with a hypotenuse of 2 inches 
land an acute angle of 15 ° . 
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Construct a right-angled triangle having angles in the proportioni 
of 2, 4, 6. 

10. Construct a right-angled triangle with a hypotenuse of 2 inches- 
and a side of | inch. 

Qu.'iDEILATEEAL FlGUEES 

Problem 25— To draw a square, given a diagonal AB. (Plate ¥111,. 
Fig. 29.) 

On AB as diameter describe a circle.. Bisect AB at right angles 
by the line BE, cutting the circumference of the circle in B and E'. 
Join AB, BB, BE, and EA. Then ABBE is the required square. 

Problem 26 — -To draw a square, given the difference in length C- 
between the diagonal and side. (Plate YIII, Fig. 30.) 

Braw any line AB and erect a perpendicular AB. Bisect the angls 
BAB by the line AE. Make AE equal to C. Braw EG perpendicular 
to AB and cutting AE in G. With centre G and radius GE describe- 
an arc cutting AE in E. On AE describe the required square AEBH. 

Problem 27--To draw a rectangle, given the diameter AB and one- 
side C. (Plate YIII, Fig. 31.) 

On AB as diameter describe a circle. With A and B as centres 
and G as radius draw arcs cutting the circumference in B and E. Join, 
the points ABBE. Then ABBE is the required rectangle. 

Problem 28 — To draw a rhombus, given the diagonal AB and length 
of sides C. (Plate YIII, Fig. 32.) 

With centres A and B and radius equal to 0 draw arcs intersecting, 
at B and E. Join the points ABBE. Then ABBE is the required 
rhombus. 

Problem 29— To draw a parallelogram, given the length of two- 
diagonals C and D and the included angle a. (Plate YIII, Pig. 33.) 

Braw any line AB equal to C. Bisect AB in E. Make the angle- 
AEE equal to a. Make EE and EG each equal to half B. Join the- 
points AEBG.. Then AEBG is the required parallelogram. 

Problem 30 — To draw a square equal to a given rectangle ABCD. 
(Plate YIII, Fig. 34.) 

Produce BA to E. Make AE equal to AB. On BE as diameter 
'describe a semicircle. Produce AB to cut the circumfereiice in E. On. 
AE describe the required square. 
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Problem 31 — To describe a regular polygon (say pentagon) of any 
OTmber of sides on a given line AB. First method. (Plate ¥111, 
-Fig. 3S.) 

With B as centre and radius BA describe a semicircle cutting AB 
produced in E. Divide the semicircle into as many parts as there are 
sides in the polygon; in this case five. From B draw lines through 
*each division commencing from the second from the right. 

Make BL equal to BA and complete the pentagon ABLMN. 

Second method (Fig. 37) — At A erect AG perpendicular and equal 
io AB. Join BG. Bisect AB at right angles by the line DE, cut- 
iing BG in 4. With centre A and radius AB describe the arc BG cut- 
ting DE in 6. Bisect 4, 6 at 5. Lay off the distance 4, 5 from 6 
along the line DE marking the points 7, 8, 9, etc. 

Then 4 is the centre of the circle described about a square of side 
AB, and 5 the centre of the circle described about a pentagon of side 
AB, and so on. 

Third method — The most accurate method is to use the Line of 
Polygons on the sector (see Ghapter I, page 12). The sector is opened 
.'SO that the distance between the two corresponding numbers repre- 
senting the number of sides of the polygon, on the two lines of polygons, 
is equal to the given length AB. The transverse distance at 6 for this 
same opening will give the radius of the circle to be described about 
•the required polygon. Fig, 37 a pentagon and a hei^tagon are drawn 
by this method. 

Problem 32 — To describe a pentagon on a line AB, Special method. 
(Plate ¥III, Fig. 38.) 

Bisect AB by the line GD drawn j)orpendicular to it. Make GE 
>equal to AB. Join BE and produce the line. Make EE equal to AG. 
-Dnt off on GD a point D so that BD is equal to BE, With centres A, 
B, and D and radius AB draw arcs intersecting at Gr and H. Then 
ABHDGr is the required pentagon.. 

Problem 33 — To inscribe a regular polygon in a given circle BGF 
tsay a pentagon), (Plate ¥III, Fig. 39.) 

Draw a diameter AB and divide it into as many parts as there are 
io be sides to the polygon required, in this case 5. 
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From A and B as centres, with AB as radius, describe arcs inter- 
secting at 0. Through C and the second division draw the line C2D, 
cutting the circle in D. Join BX). Then BD is the side of the in- 
scribed polygon, which can be completed. 

Problem 35 — To inscribe an equilateral triangle in a given pentagon: 
ABCED. (Plate YIII, Fig. 50.) 

Through E draw GF parallel to AB. With E as centre and with: 
any radius, describe a semicircle FHG. From G and F as centres- 
and with the same radius, describe arcs cutting the semicircle FGrH 
in H and L. From E draw the lines ELK and EPIN meeting the sides 
of the pentagon in K and .N. Join the j)ohits ENK. Then ENK is- 
the required inscribed equilateral triangle.- 

Exercises Quadrilateral FiauRES and Polygons ^ 

1. Construct an equilateral triangle- 2’-5 -inches high. 

2. Construct a rhombus, the length of one side being 1 inch and 
one angle being 30°.. 

3. Construct a rhombus, one side of which is equal to IJ inches- 
and the diagonal equal to 2 inches. 

4. Construct a trapezium, diagonal 2 inches, sides 1 inch and 

inches. ' , 

5. Construct a heptagon with a side of 2 inches. 

6. Construct an octagon with side of 1 inch. 

7. Two sides of a pentagon AB and BC are given in positionj 
complete the pentagon. 

8. Construct an irregular octagon, the adjacent sides being 1 a 

and inches, the opposite sides are equal and parallel. ^ 

Circles 

(For sake of brevity a given circle is usually referred to by the letter indicating its centre.): 

Problem 3S— To find the centre of a given circle ABC. (Plate IX^; 

Fig. 1.) I 

Draw any two chords BA and AO. Bisect each chord by hne& | 

intersecting at D which is the required centre. * 

(The same construction would be used to draw a circle through 
Ihree given points, B, A and C or to complete a circle of which the arc 
OBC is given.) 
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Problem 36 — To draw a tangent to a circle from a point P. (I) ire 
the circumference. (Plate IX, Fig. 2.) 

Find the centre A. Join AP. Draw BP perpendicular to AP. 
Then BP is the required tangent. 

(II) Outside the circle. (Plate IX, Fig. 3.) 

Join the centre A with P. Bisect AP in B. With centre B and 
radius BP describe arcs cutting the circle in G and D. Tlien PC and 
PD are the required tangents. 

Problem 37— To draw a tangent to an arc through a point P in the 
circumference when the centre is inaccessible. (Plate IX, Fig. 4.) 

Draw any chord PA. Bisect' it at right angles by the line CD, 
meeting the arc in D. Join PD. Make angle DPF equal to angle 
DPA. Then PF is the required tangent. 

Problem 38 — To draw a tangent to an arc through a point P out- 
side the arc when the centre is inaccessible. (Plate IX, Fig. 5.) 

From P draw any line PAB cutting the arc in A and B and on PB 
describe a semicircle. Draw AC perpendicular to PB, meeting the 
semicircle in C- On the arc cut oil: PD equal to PC. Join PD. Then 
PD is the required tangent. 

Problem 39 — To draw an exterior tangent to two circles A and B, 
Case 1. When the circles are apart. (Plate IX, Fig. 6.) 

Join the twm centres A and B and bisect AB in C. With centre 
A, the centre of the larger circle, and radius equal to the difference 
between the radii of the two given circles, describe a circle. With 
centre C and radius GA mark off a point D on this circle. Join 'AD 
and produce the line to cut the circle A in E. Draw' BF parallel to- 
AE. Join EF. Then EF is the required tangent. 

Case 2 — When the circles touch. (Plate IX, Fig. 7.) 

Join the centres AB by a line cutting the circles in the point C. 
On AB describe a semicircle. At C erect CE perpendicular to AB 
cuttmg the semicircle in E. With centre E and radius EC draw arcs 
cutting the two circles in F and G . Join FG-. Then FG is the I’equir- 
eel tang'ent. 

Case 3— When the circles intersect. (Plate IX, Fig. 8.) 

Join the centres A and B. Draw any two parallel radii cutting 
the circuniferences in 0 and D. Join DC and produce it to cut the 
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line BA produced in E. Describe a semicircle on BE cutting the bigger 
circle in E. Join EE. Then EE is the required tangent. 

Problem 50 — To draw an interior tangent to tv^o circles A and B.; 
(Plate IX, Fig. 9.) 

Join the centres A and B. With centre B and radius equal to the 
sum of the radii of the two circles^ describe a circle. Erom A draw 
AC a tangent to this circle. Join CB cutting the circumference in E. 
Draw ED the required tangent parallel to AG., 

Circle touching Lines and Circles 

Problem 51- — To describe a circle to touch a given line AB in a point 
P, and to pass through any given point Q. (Plate IX, Fig. 10.) 

Draw PC perpendicular to AB. Join PQ. Bisect PQ at right 
angles by the line DC cutting PC in C. Then C is, the centre of the 
required circle. 

Problem 52 — To describe a circle of any given radius R to touch 
a line AB, and pass through a given point P. (Plate IX, Fig. 11.) 

At a distance equal to P* draw CD parallel to AB. With centre 
P and radius E cut off a point E on CD. Then E is the centre of the 
required circle. 

Problem 53 — To describe a circle to pass through two given points 
P and Q and to touch a given line AB. (Plate IX, Fig. 12.) 

Join PQ and produce the line to cut AB in C. Bisect PQ at right 
angles by the line DE. With D as centre and DC as radius, describe 
a semicircle. Draw PE perpendicular to PQ cutting the semicircle 
in E. Make CG- equal to PE. Draw GE perpendicular to AB cutting 
DE in E. -Then E is the centre of the required circle. 

Problem 55— To describe a circle to touch three given lines AB, 
CD, and EF. (Plate IX, Fig. 13.) 


- Produce the given lines to meet in the points Q and H. Bisect the 
angles BGH . and GHE by lines meeting in K. Then K is the centre 
of the required circle. Erom K draw I\L perpendicular to EE. Then 
KL is the radius of the required circle. 

Problem 53 — To describe a circle of given radius R to touch two 
converging lines AB and CD which do not meet on the paper. (Plate 
IX, Fig. 15.) 


/ 
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At distance E draw two lines parallel to AB and CD intersecting 
at E. Then E is the centre of a requEed circle. 

Problem 56 — To describe a circle to touch two conyerging lines 
SB and CD, and touching one in a given point P. (Plate IX, Fig. 16.) 

Produce AB and CD to meet in E. Bisect the angle AEC in EE. 
Through P draw PE perpendicular to EC meeting EE in E. Then E, 
is the centre of the required circle. 

Problem 57 — To describe a circle to touch two converging lines 
AB and CD, and passing through a given point P. (Plate IX, Fig. 16.) 

Proceed as in Problem 46 and draw any circle BGD touching the two 
given lines. Join EP cutting this circle in G. Join the centre H 
to G. Draw PE parallel to GH cutting the bisecting line EE in K. 
Then K is the centre of the required circle.. 

Problem 58— To describe a succession of circles touching two con- 
ijerging lines AB and CD, and each other. (Plate IX, Fig. 17.) 

By problem 6 draw a line GH bisecting the angle between AB and 
■CD. At any point E draw EE perpendicular to AB, and with centre 


E and radius EE describe the first chcle cutting GH in J. At J draw 


JK tangent to the circle. With centre K and radius KJ describe an arc 
JL cutting AB in L. Draw DM perpendicular to AB. Then AI is the 
centre of the second circle. Proceed in the same way for the rest. 

Problem 59-— To describe a circle of given radius R to touch a line 


AB and a given circle C. (Plate IX, Fig. 18.) 


At a distance equal to R draw a line DE parallel to AB. With 
centre 0 and radius equal to the radius of the given circle plus the 
distance E draw an arc cutting DE in E. Then E is the centre ot the 
required circle. 

Problem 50 — To describe two circles of given radius A and B to 
'touch each other and a given circle internally. (Plate IX, Fig. 19.) 

Draw CD any diameter of the given circle through the centre E. 


Draw a circle of radius equal to A to touch this chcle in G havin 


s its 


■centre at K and cutting the diameter in E. Make EG and DH equal 
to B. With centre K and radius KG, and centre E and radius EH, 

Then L is the centre of the third circle. 


'.draw arcs intersecting in L. 


m 
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Problem 51 — To describe a circle to touch a giyen line AB and a. 
given circle C in a point P. (Plate IX, Fig. 20, externally; Fig. 21’ 
internally.) 

Join tlie centre of the given circle C with P and produce the line- 
CP or PC. At P draw a tangent to the circle cutting AB in D. Bisect- 
the angle BBP by a line cutting CP or PC produced in E- Then E’ 
is the centre of the required circle. 

Problem 52 — To describe a circle to touch a given circle C and a. 
given line AB in a point P. 

Touching the given circle externally. (Plate IX, Fig. 22.) 

Case 1, Through P and C draw PG- and DC perpendicular to AB.. 
Produce DO to cut the circumference in E. Join EP cutting the circle- 
in E. Join CE and produce it to meet the j)erpendicular from P in 
G. Then G is the centi'e of the requii’ed circle. 

Touching the given circle internally. (Plate IX, Fig. 23.) 

Case 2. Through P and C draw PG and CD peiqiendicular to AB.. 
Join P with E the point where the perpendicular CD cuts the circle.. 
Produce PE to cut the circle in E. Join EC and produce it to cut 
the perpendicular from P in G-. Then G is the centre of the required 
circle. 

Problem 53 — To describe a circle to touch two given circles A and B,. 
and one of them (A) in a given point P. (Plate IX, Pig. 25, to include 
both circlees ; Pig. 25, to include one circle only.) 

Join PA and produce the line. Make PC equal to the radius of 
the second circle B. Join CB and bisect it at right angles by a line 
-ED cutting PC or CP produced in D. Tlien D is the centre of the- 
required circle.. 

Problem 55 — To describe a circle with a given radius R to touch 
two given circles A and B. (Plate IX, Fig. 28, externally ; Fig. 27,. 
internally.) 

Join AB and produce it if necessary. Make CE and DE equal to- 
E. With centres A and B and radii AE and BE describe arcs intersect- 
ing at G, which is the centre of the required circle. 

Problem 55 — To describe three circles, touching each other when, 
the three positions of their centres A, B and C are given. (Plate IX,.. 
Fig. 28.) 
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Join the three points and bisect the angles BOA and CAB by lines- 
intersecting in D. Draw DE perpendicular to AC. 

With centres A and C and radii AE and GE, describe circles;., 
complete the figure. 

Problem 56 — To describe three circles touching each other when- 
the lengths of their radii A, B and C are given. (Plate IX, Fig. 29.) 

Draw any line EE, and on this as diameter draw two circles touching 
each other with radii equal to A and B and centres at G- and H. 

With G as centre and radius equal to A plus C and with H as centre- 
and radius equal to B plus C, draw arcs intersecting at K. Then K- 
is the centre of the required circle. 

Exercises — Circles, etc. 

1. A and B are 1 inch distant from C and 2 inches distant from-- 
each other. Draw a circle to pass through the three points. 

2. Draw two tangents to a circle which shall make an angle of 
30° with each other. 

3. A circle C has a radius of inches. Find a line equal in length* 
to half its circumference. 

4. Two straight lines intersect at an angle of 35°. Draw a circle 
of 2*25 inches radius touching both lines. 

5. Given a circle of 2 inches radius. Draw a chord so that the 
angle subtended at the circumference' of the circle is equal to 25°. 

6. AB 2 inches in length is a chord. Construct an arc of a circle- 
which shall subtend an angle of 30°. 

7. From a point P 2 ^ inches from the centre of a circle of 1 inch- 
radius, draw a line cutting the circle in two points A and B, so that AB - 
shall be equal to J inch., 

8. Centres of three circles of inch diameter are IJ, 2 and 
inches apart. Describe a circle to enclose the three circles tangen- 
tially. 

9. Trisect a right angle and describe three circles of inch radius - 
to touch each pair of adjacent lines. 

10. AO and BD, the extremities of two straight, lines, each 3 inches 
long, are J inch and 2 inches apart respectively. Draw a circle of T- 
inch radius which shall touch both lines. 
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Inscribed Figures 

Problem 57 — In a given triangle ABC to inscribe a square. (Plate 
JX, Fig. 30.) 

From vertex B draw BD perpendicular to the opposite side AG. 
J)raw BE parallel to AG and equal to BD. Join. E A cutting BG in F. 
Draw FG parrallel to AG and complete the required square FGHJ, 

Problem 58 — In a given triangle ABC to inscribe a rectangle, one 
side of given length L. (Plate IX, Fig. 31.) 

Make AD equal to the length L. Draw DE parallel to AB. Draw 
EF parallel to AG and complete the required rectangle EHGF.. 

Problem 59 — In a given triangle ABC to inscribe a circle. (Plate 
:iX, Fig. 32.) 

Bisect any two angles of the given triangle by lines meeting at D. 
.Draw DF perpendicular to AG. With D as centre and DF as radius 
.'describe the required circle. 

Note — A ny polygon can be inscribed in a triangle by first inscribing the circnras- 
.cribing circle of the polygon. 

Problem 60 — In a given equilateral triangle ABC to inscribe three 
equal circles, each to touch one side and two circles. (Plate IX, Fig. 
.33.) 


Bisect each angle of the given triangle by the lines CE, AE and 
BD. Bisect the angle FAD by a line AG- cutting BD in G. Alake EH 
..and EJ equal to DG. Then H, J and G- are the centres of the three 
required circles. 


Problem 61 — In a given equilateral triangle ABC to inscribe three 
■equal circles, each to touch two sides and two circles. (Plate IX, Fig. 
M.) 

Bisect each angle of the given triangle by the lines CE, AE and 
-BD. Bisect the angle BDA by a line DG cutting AE in G. Alake 
BH and CJ equal to AG. Then H, J and G- are the centres of the 
..three required circles. 

Problem 62 — In a given equilateral triangle ABC to inscribe six 
. equal circles. (Plate IX, Fig. 1.) 

Find the point G as in Problem 60. Draw LGM parallel to AO. 
■On DAI describe an equilateral triangle. Then N, J, AI, G, L and H 
.rare the centres of the six circles required. 
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Problem 63— In a given isosceles triangle ABC to inscribe a semi- 
circle. (Plate X, Fig. 2.) 

Bisect the vertical angle ABC by the line BD. Bisect the right 
angle BBC by the line BE, meeting CB in E. Braw EF parallel to- 
AG, cutting BB in G-. AA^ith centre G and radius GB describe a semi- 
circle. 

Problem 65— In any given triangle ABC to inscribe three circles,, 
each to touch one side and each other. (Plate X, Fig. 3.) 

Bisect each angle of the given triangle by lines meeting at the- 
point B, called the centre of the triangle. Then the given triangle- 
is divided into three triangles in each of -which describe a circle by 
problem 59. 

Problem 65— In any given triangle ABC to inscribe three circles,, 
each to touch two sides and each other. (Plate X, Fig. 5.) 

Find B the centre of the triangle and drop perpendiculars BO, BE- 
and BE to the ox?posite sides. 

Bisect the angles AFB, BFG and BEB by lines EG, EH and EL- 
meeting AB, CB and BB in the points G, El and L respectively. 
Then these three points are the centres of the required circles, and- 
their radii can be found by dropping perpendiculars to the adjacent'. 
sides. 

It should be noted that the triangle is divided into three trapezia- 
in -which; circles can be inscribed by Problem 68. 

Problem 66 — In a given equilateral triangle ABC to inscribe three- 
semicircles, each touching one side of the triangle. (Plate X, Fig. 5.) 

Find B the centre of the triangle, wdiich is no-w divided into three- 
triangles; complete bj- Problem 63. 

Problem 67— In a given equilateral triangle ABC to inscribe three 
semicircles, each touching two sides of the triangle, (Plate X, Fig. 6.) 

Bisect each side of the triangle in the points B, E, F, and joim 
each of these points to the vertex of the oxDposite angle. Bra-w BH 
perpendicular to AB and on BA cut o'if BL equal to BEI. Join LB- 
cutting GF in G. Bravv^ GK parallel to AG, KM parallel to AB and 
MG parallel to BG, cutting BB., GF. and AE in P, Q, and 0, -wKich. 
are the centres of the required .semicircles. 
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Problem 68 — In a given trapezium ABGD having pairs of equal 
; adjacent sides to inscribe a circle. (Plate X, Fig. 7.) 

Draw a diagonal AC. Bisect the angle ABC by a line BE meeting 
AC in E. Braw EE perpendicular to AB. With E as centre and 
:EE as radius describe the required circle. 

Problem 69— In a given trapezium ABCD having pairs of equal 
.adjacent sides to inscribe a square. (Plate X, Fig. 8.) 

Braw the diagonal BB. Braw BE perpendicular and equal to 
.BB. Join EA cutting BC in E, which is a corner of the required 
: square. Braw the sides of the square parallel to the diagonals of the 
-trapezium. 

Problem 70— In a given trapezium ABGD having pairs of equal 
adjacent sides to inscribe a semicircle. (Plate X, Fig. 9.) 

Braw- the diagonals AC and BB intersecting at E. On AC describe 
:a. semicircle. Braw EE perpendicular to BC meeting the semicircle 
in E. Join EB cutting BC in G. Braw GH parallel to EE. W^ith 
. centre H and radius HG describe the required semicircle. 

Problem 71 — In a given square ABCD to inscribe a circle. (Plate X, 
:Fig. 10.) 

Draw the diagonals AC and BB intersecting at E. Braw EE per- 
pendicular to AD. With centre E and radius EE describe the required 
.circle. 

Problem 72— In a given square ABCD to inscribe an equilateral 

• triangle. (Plate X, Fig. 11.) 

Draw a diagonal BB and on it describe the equilateral triangle 
.BED. 

Draw CE parallel to ED and C(3r parallel to EB.. -Join GE. Then 
■ GCE is the required equailateral triangle. 

Problem 73— In a given square ABCD to inscribe an isosceles 
rtriangle. the length of the base L being given. (Plate X, Fig. 12.) 

Draw a diagonal AC. Make CE equal to L. Draw EE parallel 

• to BC and EG parallel to AC. Join GD and ED. Then EGB is the 
required isosceles triangle. 

Problem 74 — In a given square ABCD to inscribe the largest possible 
iSemicircle. (Plate X, Fig. 13.) 
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Draw the diagonals intersecting in and on BD describe a semi- 
circle. Draw EE perpendicular to AB cutting the semicircle in E. 
•Join EG cuting AB in G. Draw GH parallel to EE. With centre 
El and radius JG describe the required semicircle. 

Problem 75 — In a given square ABCD to inscribe two circles each 
Ao touch each other and two sides of the square. (Plate X, Pig. i^.) 

Draw diagonals AO and BD intersecting at T. Bisect the angle 
EAD by a line AE meeting BD in E. Make EG equal to EE. Draw 
EH perpendicular to AD.. With centres E and G and radius EIT 
-describe the two required circles. 

Problem 76 — In a given square ABCD to inscribe four equal semi- 
circles each to touch one side of the square, and to have their diameters 
Mjacent. (Plate X, Pig. 15.) 

Draw the diagonals which divide the square into four equal triangles ; 
■'-complete by Problem 63. 

Problem 77 — In a given square ABCD to inscribe four equal semi- ^ 
circles each to touch two sides of the square, and to have their diameters 
adjacent. (Plate X, Fig. 16.) 

Draw the diagonals AG and BD and the diameters EG and HE 
intersecting in P. Bisect EG and ED in J and K. Join JIv cutting 
.HE in L. Make PM, PN, and PQ equal to PJj, and join the points 
L, M, N and Q. These lines are the adjacent diameters on which the 
required semicircles may be described. 

Problem 78 — In any given regular polygon (say a pentagon ABODE) 

:fco inscribe a square. (Plate X, Fig. 17.) 

Draw any diagonal BE. Draw BE equal and perpendicular to 
BE. Join EA cutting BG in PI. Draw ITG parallel to BE and on it 
-describe the required square. 

(Special methods foi.‘ tlie hexagon and octagon can be worked out 
by the student.) 

! 

Problem 79 — In any given regular polygon to inscribe a similar 
figure. 

Bisect each side of the given polygon, and join the points so 
■obtained. 
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Problem 80 — In any given regular polygon (say a hexagon.’ 
ABGDEFG) to inscribe as many semicircles as the figure has sides,, 
each touching one side and having their diameters adjacent. (Plate X,. 
Fig. 18.) 

Draw all the diameters of the polygon intersecting at E and dividing 
it into a number of isosceles triangles. In each describe a semicircle- 
by Problem 63., 

Problem 81 — In any given polygon (say a pentagon ABCDE) tO' 
inscribe as many semicircles as the figure has sides, each to touch two- 
sides of the polygon, and have their diameters adjacent. (Plate X,. 
Fig. 19.). 

Dra-w' the diameters intersecting in P. The polygoin is then divided 
up into a number of trapezia, in wdiich semicircles can be described by 
Problem 70. 

Problem 82 — In a given hexagon ABCDEF to inscribe an isosceles, 
triangle of given base L. (Plate X, Fig. 20.) 

Draw" a diagonal CP. Draw" PG perpendicular to CP equal to- 
half the given base L. Draw" GH parallel to CP cutting AP in H. 
Draw HE parallel to GP. Join PIC and EC. Then CHE is the- 
required isosceles triangle. 

Problem 83 — In a given hexagon ABCDEF to inscribe a rectanglCf. 
having a given side M. (Plate X, Pig. 21.) 

Draw" a diagonal CP. Join AT, and on it cut off a, length AG 
equal to M. Draw GH parallel to AP meeting PE in H. Draw 
HE parallel to PC, and HJ and EL parallel to AE. Join LJ. Then 
HELJ is the required rectangle.. 

Problem 85 — In a given sector BCD to inscribe a square. (Plate. 
X, Fig. 22.) 

Join CD. Make CE equal and perpendicular to CD. Join EB- 
cutting the arc DC in P. Draw" PH parallel to CD and on it describe: 
the required square. 

Problem 85— In a given sector ABC to inscribe a circle. (Plate-. 
X, Fig. 23.) 

Bisect the angle BAC by the line AD. At D draw the tangent 
PDP. 
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Produce AB and AG to meet the . tangent in E and E. In the 
triangle EAE inscribe the required ch’cle. 

Problem 86 — In a given sector ABC to inscribe a semicircle. (Plate 
X, Fig. 24.) 

In the same way as the last problem obtain the triangle EAE and 
in it inscribe a semicircle by Problem 63. 

Problem 87— In a given circle to inscribe a square. (Plate X, 
Fig. 25.) 

Draw two diameters AG and BD at right angles to each other. 
Join AB, BG, GD and DA. Then ABGD is the required square. 

Problem 88 — In a given circle to inscribe an equilateral triangle. 
(Plate X, Fig. 26.) 

Find the centre G and draw any diameter AB. With A as centre 
and AG as radius describe an arc cutting the cncle in D and E. Join 
DE, EB and BD. Then DEB is the required equilateral triangle. 

Problem 89 — In a given circle to inscribe a triangle similar to a 
given triangle ABC. (Plate X, Pig. 27.) 

At any point D in the circumference of the given circle draw a 
tangent EDP.. Make the angle EDG equal EGB, and the angle FDH 
equal to the angle GAB. Join GH. Then GDH is the required 
triangle. 

Problem 90 — In a given circle to inscribe any regular polygon, 
say a pentagon. (Plate X, Pig. 28.) 

Draw any diameter AB and divide it into as many parts as there 
are sides to the required polygon — in this case 5. With A and B 
as centres and AB as radius, describe arcs intersecting in G. Through 
G and the second division draw a line G2D cutting the circle in D. 
Join BD which is a side of the inscribed polygon which can be 
completed. This is only an approximate method but good enough for 
practical purposes. 

When a regula-r polygon of any number of sides is inscribed in a 
•circle we may always inscribe a polygon of double the irumber of sides 

by bisecting each of the former arcs, and joining the points of bisec- 
tion. 

Thus from a square miay be inscribed a regular octagon, a regular 
polygon of 16, 32, etc., sides; from a hexagon may be inscribed a 
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xegular polygon of 12, 24, 48, etc. sides ; from a decagon may be in- 
scribed a regular polygon of 20, 40, 80, etc., sides; and from a penfe- 
decagon a regular polygon of 30, 60, 120, etc., sides.. 

It was long supposed that these were the only regular polygons. 
which could be inscribed in a circle by the aid of elementary geometry, 
or by the intersections of straight lines and circles only.. It can, 
however, be proved that a regular polygon of m sides can always 
be inscribed in a circle by similar methods when, m is an odd number 
and equal to 2^':-}- 1 as well. 

Problem 91 — In a given circle, to inscribe a pentagon. Special 
method. (Plate X, Fig. 29.) 

Draw anj^ two diameters at right angles AB and CD intersecting 
in the centre E. Bisect EB in E. With centre E and radius EC 
draw an arc cutting AE in Gr, With centre C and radius CG di’aw an 
arc cutting the circle in H. Join HC which is a side of the required: 
pentagon. 

Problem 92 — In a given circle, to inscribe any number of equal 
circles (say five). (Plate X, Fig. 30.) 

Divide the circumference of the circle into twice as many parts 
as there are to be circles, and through these points draw diameters.: 
Let AB and CD be two adjacent diameters. At B draw a -tangent: 
BE meeting CD produced in E. Bisect the ■ angle BED by a linn 
EH meeting AB in H. Then E is the centre of one circle and the/ 
rest can be drawn. 


Problem 93 — In a given circle, to draw any number of equal semE 
circles having adjacent diameters (say five). (Plate X, Fig. 31.) 

Divide the circumference of the given circle into twice as many. 
equal joarts as there are to be semicircles and draw the diameters. 

Let AB and CD be two adjacent diameters.. At B draw a tangent: 
EB. Bisect the angle EBA by a line cutting DC in E. 

Let 0 be the centre of the circle. On the diameter GH mark off' 
OK equal to E. Join EG. On it describe one of the required semi- 
circles, and the figure can be completed. 

This figure is called a Cinque-foil. If there are four semicircles; 
it is called a Quarter-foil; if three a Trefoil. 
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Problem 95 — In a given circle to inscribe any number (say four) 
of equal circles, equidistant from each other and from the circum- 
ference of the given circle. (Plate X, Pig. 32.) 

Divide the circle into three times the number of equal sectors, as 
cu'cles required — in this case 12. Then join up into four equal triangles 
and inscribe in them the required chcles. 

Expbegises — Inscribed Pigdees 

1. In a square, the sides of which are 2 inches, inscribe a rectangle 
the length of one side being f inch. 

2. Inscribe a circle within a trapezium having pairs of equal 
adjacent sides 1 inch and 2-J- inches long. 

3,. Within a square, side 2 inches, inscribe eight equal circles. 

4. Within a circle of 2 inches radius, inscribe a ti’iangle the angles 
of which are as follows 37°, 73°, and 70°. 

5. In a pentagon, side 1'75 inches, place a pentagon of 1 inch 
side having a common centre with the first pentagon. 

6. In a heptagon, side 1'25 inches, inscribe the largest and possible- 

equilateral triangle. ' ' 

7. In a square, side 2 inches, insciibe a square a corner of which 
shall lie on one side and f inch from a corner of the first square. 

8. In a hexagon, side 1 inch, inscribe a dodecagon. 

9. In an isosceles triangle inscribe three chcles, each touching 
two sides of the triangle and two other circles. 

Circumscribed Pigures 

Problem 9S— About a given triangle ABC to describe a circle. 
(Plate X, Fig. 33.) 

Bisect any . two sides of the given triangle by lines EP and DP 
drawn at right angles to the sides ; meeting each other in the point 
P. Then P is the centre of the required circle. 

Problem 96— About a given triangle ABC to describe a triangle 
similar to a given triangle DEE. (Plate X, Fig. 35.) 

On one side AB of the given triangle describe a triangle ABG- 
similar to DEP.. Through 0 draw a line HE parallel to AB. Produce 
GA and GB to meet HK in the points H and K. Then HGK is the 
required triangle. 




mi 
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Problem 97 — About a given isosceles triangle ABC, to describe 
a square. (Plate X, Fig. 35.) 

On the base BC describe a semicircle. Bisect the angle BAG by 
a line AD meeting the semicircle in D. Join DO and DB and produce 
them. Draw AE parallel to BD and AE parallel to CD. Then AEDE 
is the required square. , 

Problem 98 — About any given rectangle ABCD (say a square) to 
describe a circle. (Plate X, Fig. 36.) 

Draw the two diagonals intersecting in E. Then E is the centre 
of the required circle. The same construction holds good in the case 
of any regular polj^gon. 

Problem 99 — About a given square ABCD to construct an equilateral 
triangle. (Plate X, Fig. 37.) 

On BC construct an equilateral triangle BEG. Produce EG and 
EB to meet AD pi’oduced in E and G. Then EEG is the required 
equilateral triangle. 

Problem 100 — ^About a given square ABCD to construct a triangle 
similar to a given triangle EFG. (Plate X, Fig. 38.) 

On BG construct a triangle similar to EEG, then proceed as in the 
last problem. 

Problem 101 — ^About a given circle to describe any number of 
equal circles (say five), touching each other and the circumference of 
the given circle. (Plate X, Fig. 39.) 

Find the centre of the given circle P.. Divide the cEcle into twice 
as many parts as there are circles required — in this case 10. Let AB, 
CD and BE be three adjacent diameters. At B draw a tangent BH 
meeting CD produced in H. Produce CH to G. Bisect the angle 
GHB by a line HE meeting AB produced in E. Then E is the 
centre of one circle, and the rest can be drawn in the same way. 

Problem 102 — To draw an escribed circle to any triangle ABC. 
(Plate X, Pig. 50.) 

Produce the sides AB and AC to D and E. Bisect the angles 
DBG and ECB by lines BE and CE meeting in E, which is the centre 
of the escribed circle. 
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ExEKOISES — ^O lRCUMSCPIBED FIGURES 

1. Describe a square about a circle of indies radius. 

2. About a circle of 1 inch radius describe a triangle having angles 
of 65% 35% and 80°. 

3. About a circle of 1 inch radius describe a pentagon.. 

4. About a circle of 1 inch -radius describe an equilateral triangle ^ 
touching the circle in a fixed point P. 

5. A triangle ABC has sides of the following length : — *75, *6, 
and 1‘2 inches. About a chcle of 1 inch radius describe a triangle 
similar to the triangle ABC. 

6. About a circle of half inch radius to describe six equal circles , 
each touching the given circle and two other circles. 

7. About a pentagon of 1 inch side describe five equal circles, 
each touching the pentagon and two other circles. 

Ratio and Proportion 

Before attempting to tuork out the follotcing problems, the student 
should have an intimate knotvledge of the Chapters on Ratio and Pro- 
portion in Algebra, and should commit to memory the folloioing pro- 
positions of Euclid: — Book 11, 14 Cor.; Book V, Def. 3, Prop. 6; 
Book VI, 2, 4, 13.. 

Problem 103 — To divide a given straight line AB proportionately 
to a given divided line CD. (Plate XI, Fig. 1.) 

Place the two given lines parallel to each other. Join CA and 
DB and produce these lines to meet in E. Join each given division 
in CD with E. These lines will divide AB similarly to the given line 
CD. 

Problem 104 — To find a mean proportional between two given lines 
AB and BC. (Plate XI, Fig. 2.) 

Place AB and BC in one straight line. On AC describe a semi- 
circle. At B draw BD perpendicular to AC cutting the semichcle 
in D. Then BD is the mean proportional, or 

AB : BD : :BD : BC. 

Problem 105 — To find a third proportional to two given lines A and 
B. (Plate XI, Fig. 3.) 
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Draw any two lines CD and CE making an acute angle with each 
other. 

Make' CE equal to A and CD and GG equal to B. Join EG, and 
draw DE parallel to EG. Then CE is the third proportional required, 
or 

CE : CG : :CD : CE. 

i.0. A : B ; :B : CE. 

CE is a third proportional greater. The students should by the r 

same method draw a third proportional less. i 

Problem 106 — ^To find a fourth proportional to three given lines A, 

B and C. (Plate XI, Fig. i.) 

Draw any two lines HD and H.E making an acute angle with each 
.other. 

Draw HE equal to A, HG equal to B and EE equal to C. Join . i 

EG, and draw ED parallel to EG. Then GD is the required fourth 
proportional, or 

HE : HG : :EE : GD. 

i.6. A : B ; :C: GD. I 

Problem 107 — To divide a given line AB in extreme and mean 
Eatio. (Plate XI, Fig. 5.) | 

Erect BC perpendicular and equal to half AB. Join AC. With I 

centre C and radius CB, draw an arc, cutting AC in D. With centre 
A and radius AD draw an arc cutting AB in E.. 

Then AB : AE : : AE ; EB. 

Problem 108 — To divide a given straight line AB harmonically. i 

(Plate XI, Fig. 6.) 

Take any point C in AB and on CB describe a semicircle. Draw 
AE a tangent to the semicircle, and from E draw EE perpendicular 
to AB. 

• Then AB : AC : :BE : EC. 

Problem 109 — To determine the roots 
(Plate XI, Pig, 7.) 

Let AB equal unity, with A as. centre and radius AB describe a 
ch'cle and divide the circumference into sis equal parts at the points 
B, C, D, E, E and G. With centres B and E and radius BD draw^ j 

arcs intersecting at H and J. With: C and G as centres and radius I 
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CG, describe arcs iritersecting at K. Join HJ cutting the circum- 
ference in L and M. With centres L, E and M and radius AB describe 
arcs inter secting at P and Q. Then AH= ^^/ 2 ;B'D= 3 ; 

PB= V JK= DK= V'^^HJ==V^EK==:V'^; = 

Exercises— Eatio and Proportion 

1. Draw a third proportional to two lines whose lengths are 1'25 
and 1*6 inches. What is its length? ' 

2. Find a mean proportional between two lines 2*4 and 3*8 inches 
long. 

3. Find a line which shall have the same ratio to a line I'o inches 
long that 3 inches has to 1*75 inches.. 

4. Divide 5*4 inches so that the parts may be to each other in the 
proportion of the numbers 7, 8, 9, 11. 

5. A point P is. 2‘75 inches from the centre of a circle of 1 inch 
radius. From P draw a line to cut the circumference of the circle 
in two points A and B, so that PA is to AB as 2 is to 3. 

Areas 

Before working out the Problems on Areas, the student should he 
sufficiently advanced in Mensuration and Euclid to he able to prove 
each Problem, The follotving Propositions of Euclid should he com- 
mitted to memory : — Book I, 35, 36, 37, 38, 41, 47; Book VI, 1, 19, 20, 
31. 

Problem 110 — To draw a triangle ABC equal in area to a given 
regular polygon, say a pentagon. (Plate XI, Fig. 8.) 

Divide the polj^gon into a number of isosceles triangles, then the 
e^rea of the triangle required is one with a base five times and an 
.altitude equal to one of the isosceles triangles, or a base .2J times and 
an altitude double of one of the isosceles triangles. (The problem can 
also be worked by Problem 123.) 

Problem 111 — To draw a triangle ABC equal in area to any given 
parallelogram. (Plate XI, Fig. 9.) 

Draw a triangle with a base equal to double the base of the rectangle 
and the same altitude. 

Problem 112 — To draw a triangle ABC of any given area (no figure 
#ven.) 

Draw a rectangle equal to the given area and a triangle equal to the 
rectangle. 
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Problem 113 — To divide a triangle ABC into any number of equal 
parts by lines drawn from one corner (say three equal parts.) (Plate 
XI, Fig. 10.) - 

Trisect one side AB in D and E. Join DC and EC. The triangle 
is now trisected into three equal parts. (By the same method the 
triangle can be divided in any given ratio.) 

Problem 114 — To divide a triangle ABC into two . equal parts by 
a line drawn parallel to the altitude. (Plate XI, Fig. 11.) 

Bisect AB in E. Draw the altitude CD. Find BE a mean pro- 
portional between BD and BE. Make BH equal to BE. Draw HK 
parallel to DC and bisecting the triangle. 

Problem 115 — To divide a triangle ABC into any number of equal; 
parts by lines drawn parallel to one of the sides (say two). (Plate 
XI, Fig. 12.) 

On AB describe a semicircle. Divide AB into as many parts as it 
is required to divide the triangle into. In this case bisect it in D. 
Draw DE perpendicular to AB. With B as centre and BE as radius- 
describe an arc cutting AB in E. Draw EH parallel to AC bisecting the 
triangle. 

Problem 116 — To divide a triangle ABC into any number of equal 
areas by lines drawn from a point P within the triangle, say three 
equal areas. (Plate XI, Pig. 13.) 

Divide AC into three equal parts in the points 1 and 2. Join these 
points to P and draw the line PB. Draw BD parallel to P2 and join 
-PD. If we draw a line from B parallel to PI, it would fall outside the 
triangle., So join B 1. Draw E 1 parallel to AB. Join PA and draw 
EG parallel to PA. Join PG. Then PD, PB and PG divide the tri- 
angle into three equal areas. 

Problem 117 — To divide a triangle ABC into three equal areas» 
by three lines drawn from the angles meeting at a point P within the 
triangle. (Plate XI, Fig. 14.) 

Divide AB into tliree parts in D and E. Draw DE parallel to AC 
and bisect it in P. Join AP, CP and BP trisecting the triangle. 

Problem 118 — To draw an equilateral triangle equal in area to ai 
given triangle ABC. (Plate XI, Fig. 15.) 
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On AB construct' an equilateral triangle ABB. From C dra-w OE, 
parallel to AB meeting DB produced in E. Find BF a mean proper-- 
tional bet-w’een DB and BE. Then BF is one side of the required equi- 
lateral triangle BFG-. 

Problem 119 — To draw a triangle on a given base AB equal in area: 
to a given triangle ODE. (Plate XI, Fig. 16.) 

. Find EF the altitude of the given triangle. Find a fourth propor- 
tional GH to AB, CD, and EF. Then BIv is the altitude of the required: 
triangle having a- base AB. 

Problem 120 — To draw a triangle the area of a given triangle: 
ABC. (Plate XI, Fig. 17.) 

Produce AB'to D making BD equal to AB. Find BF a mean- 
proportional to AB and BD., Make AG equal to BF and draw GH. 
parallel to BO. Then AHG is the required triangle. 

Problem 121 — To draw a triangle equal in area to a given triangle . 
ABC, but of a given altitude H. (Plate XI, Fig. 18.) 

Draw EF parallel to AO at a distance from it equal to H. Produce- 
OB to cut EF in G. Join GA. Draw BJ parallel to GA and join GJ... 
Then GJ 0 is the required triangle. 

Problem 122 — To draw a triangle equal in area to and standing oil: 
the same line as a given triangle ABC, but with its vertex in a point P.. 
(Plate XI, Fig. 19.) 

Draw BD parallel to AO. Through P draw APD cutting BD in D.. 
Join PO. Draw DE parallel to PC- cutting AO produced in E. Join 
PE. Then APE is the required triangle. 

Problem 123— To draw a triangle equal in area to any rectilineal! 
figure ABCDEF. (Plate XI, Fig. 20.) 

It is best to begin at the re-entering angle. Join DF.. Draw EG- 
parallel to DF, and join DG and OG. Draw DH parallel to OG, and' 
join OH'. Join OA, and draw BJ parallel to OA, and join OJ. Then: 
JCH — is the requu-ed triangle. 

Problem 12i — To draw a triangle equal in area to any number of 
square units (say five). (Plate XI, Fig. 21.) 

'Make the base equal to the given number of units — in this case- 
five — and the altitude invariably two units. 
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Problem 125 — To draw an equilateral triangle equal in area to any 
:number of given square units (say four), (Plate XI, Fig. 22.) 

Make AB equal to four units and draw BO perpendicular to AB 
equal to two units. Make the angle ABH equal to 60°. Draw CD 
parallel to AB cutting BH in D. Join DA. Find the mean propor- 
tmnal BE between AB and BD. Make BE and BG- equal to BE. 
'Then BEG is the requhed equilateral triangle. 

Problem 126 — To draw a square equal in. area to a given triangle 
ABC. (Plate XI, Fig. 23.) 

Eind the altitude CD of the given triangle. Eind BE the mean 
^proportional between the base AB and half the altitude DC. This is 
the side of the required square. 

(In the same way a square be drawn equal in area to any given 
rectilineal figure, by reducing the latter to a triangle.) 

Problem 127 — To draw a square equal in area to a given rectangle 
.ABGD. (Plate XI, Fig. 25.) 

Eind BE the mean proportional between two sides of the rectangle 
AB and BC. Then BE is the side of the required square. 

Problem 128 — To draw a square equal to the sum of two given 
•.squares, the sides of which are equal to lines AB and BC. (Plate XI, 
Fig. 25.) 

Draw AB and BC at right angles to each other. Join AC. Then 
the square described on AC is the required square. 

Problem 129 — To draw a square equal to the difference between 
two given squares, the sides of which are equal to lines AB and AC, 
(Plate XI, Fig. 26.) 

On AB describe a semicmcle. With centre A and radius AC cut off 
• a point C on the semicircle. Join BC. Then the square described on 
BC is the requmed square. 

Problem 130 — To construct a square, the area of which shall be 
.any number of times greater than the area of a given square ABCD 
(say six times). (Plate XI, Fig. 27.) 

Produce AB and make BE equal to six times AB. Eind BE a mean 
proportional between AB and BE. This is the side of the required 
^square. 
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(If BE were made equal to'l/6tli AB, then we would get a square 
equal to l/6th of the given square.) 

ProTblem 131 — To divide a square ABCD into any number of equal 
parts by lines drawn from an angular point D (say five). (Plate XI, 
Fig. 28.) 

Divide BO and AB into five equal parts by the points E, E, G, H, 
J, K, L and AI. Join HD, ED, JD and LD dividing the square into 
five equal parts. 

Problem 132 — To divide a square ABCD into any number of equal 
parts by lines drawn from a point P in a side (say three). (Plate XI, 
Fig. 29.) 

Divide AD into three parts in E and E. Draw' EG and EH parallel 
do AB. Join PG and PH. Draw EJ and EK parallel to PG and PH. 
•Join PJ and PK. These lines divide the square into three equal parts. 

Problem 133 — To construct a square to contain any number of given 
isquare units (say three). (Plate XI, Fig. 30.) 

Draw a line AB equal to tlnee units and BO equal to one unit. 
Find BE a mean proportional to AB and BO.. Then BE is the side of 
the required square. 

Problem 135 — To construct a rectangle, with a side equal to a given 
line A, equal in area to a given rectangle CDEF. (Plate XI, Fig. 31.) 

Produce OD to G. Make DG equal to AB. Join GE and produce 
it to meet OE jproduced in H. Then EH is the height of the requked 




rectangle. 


Problem 135 — To construct a rectangle equal in area to a given 
square ABCD and having sides in a given ratio (say three to two). 
(Plate XI, Fig. 32.) 

Produce AB and make BE equal to three units and BE equal to 
two units. Eind BG a mean proportional to EB and BE. Join GE 
.and GE. Draw OH and CJ parallel to GE and GE. Alake BE equal 
to BJ and complete the required rectangle HBKL, wdiich is equal to 
the given square, and the side BH : BE : :3 :2. 

Problem 136 — To divide a given parallelogram ABCD into two 
■parts in any given proportion (say three to two) through a point P in 
•one of the sides. (Plate XI. Fig. 33,) 
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Divide AB at E so that AE : EB : :3 :2. Draw EE parallel to* 

AD and bisect EE in G-. Erom P draw a line tbrongii G meeting one* 
of the oj)posite sides in H. Then PEI divides the parallelogram in the 
regnired proportion.-. 

Problem 137 — To divide a given parallelogram into three parts, 
through a point P in one of the sides. (Plate XI, Fig. 35.) 

Divide AB into three parts in E and E. Draw EG and EH parallel 
to AD. Hake EJ equal to PG and EL equal to PH. Join PJ‘ and 
PL. These lines trisect the jDarallelo'gtam. 

Problem 138 — To construct a rectangle of area equal to five square-, 
units, with sides in the proportion of three to two. (Plate XI, Fig. 35.) 

Alake AB equal to five units and BO equal to one unit. Eind a. 
mean proportional to them in BD. Hake BH equal to three and BE, 
to two units.. Describe a semicircle on HE cutting BD produced in. 
G. Join GH and GE, and draw DE and DJ parallel to them. Then 
BE and BJ are the sides of the required rectangle. 

Problem 139 — To construct any regular polygon equal in area to a^ 
given triangle ABC, say a pentagon, (Plate XI, Fig. 36.) 

Divide one side AB into five j)arts of which AD is one. Hake the- 
angle BAB equal to the angle at the centre of the required polygon. In 
this case 72°. Draw DE parallel to AG meeting AE in E. Eind AG 
a mean proportional between AO and AE. Then G is the centre of the- 
circle in wliich the required pentagon can be inscribed. 

Problem 150 — To construct any regular polygon which shall have: 
a given area (say a hexagon, with an area of five square units). (Plate 
XI, Pig. 37.) 

Hake AB equal to five units and the angle ABC equal to the angle- 
at the centre of the hexagon, in this case 60°. 

Hake the perpendicular height of the triangle ACB two units and. 
join CB. Then the triangle ACB has an area of five square units.. 
Hake AD equal to one-sixth of AB and find DE, a mean proportional 
betw^een AC and AD . Then DE is the radius of the circle in which 
the required hexagon can be inscribed. 

Problem 151 — To divide a circle into any number of equal parts by 
concentric circles (say four). (Plate XI, Fig. 38.) 
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Divide a radius AB into as many equal parts as the circle is to have 
-divisions, in this case (four),. On AB describe a semicircle and erect 
perpendiculars to meet in from each point of division. These points C, 
D, E, give the radii of the circles. 

Problem 142 — To divide a circle into any number of equal parts, 
'equal in perimeter and area (say three). (Plate XII, Fig. 1.) 

Divide a diameter AB into as many equal parts as the circle is to 
have divisions (in this case three) in the points C and D. On AO, AD, 
CB and DB describe semicircles as in the figure. 

Exercises — Areas 

1. ' Draw by construction a square of 5*36 square inches area. 

2. Draw a square equal to the difference of two squares whose 
sides are 3*25 and 1*94 inches. 

3. Describe a rectangle equal in area to a triangle whose sides are 
•3*5, 1*75 and 2*5 inches respectively. 

4. ' A right-angled triangle has a base of 2 inches and an area of 
:2‘58 square inches; construct it, and also a similar one of half the area. 


0 . 


Draw a square equal in area to a polygon; side 1*25 inches. 


6., Draw a rectangle on a line 2 inches long equal in area to a 
.square of 2*75 inches side. 

7. Construct an isosceles triangle with an area of 3 square inches, 
•and having a vertical angle of 30°. 

8. Divide a square of 2 inches side into three equal areas by lines 
parallel to a diagonal. 

9. Within a square of 2 inches side inscribe a square having its 
ungies in the sides of the first and its area to the area of the first 
square in the proportion of 2 to 3. 

10. Within a circle of IJ inches radius inscribe a rectangle with 
an area of 2 square inches. 

11. Construct an equilateral triangle with any area of 4 square 
inches. 

12. Construct equilateral triangle equal in area to the triangle 
given in Question 3. 

13. Construct a square which has an area equal to half the area of 
•a given square whose side is 1*75 inches. 

14. Divide the triangle given in Question 3 into three parts by 
lines parallel, to one side. 
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The sections of the cone and other curves 

These problems will be found useful to the student when studying 
Conic Sections and Graphic Arithmetic. 

Practical Methods 

The Elhpse is the section of a cone formed by an oblique plane 
passing through both sides of the cone. 

The Ellipse 

Problem 153 — To draw an ellipse by means of a piece of string,, 
given the major and minor axes AB and CD. (Plate XII, Fig, 2.) 

With centre G and radius equal to the semi-major axis, describe an 
arc cutting the major axis in points E j and E 2 . These points are the- 
'foci of the ellipse.. Place j)ins at E ^ , E2 and G, and tie a piece of 
string tightly round the three pins. — Take the pin at G out, and 
insert the point of a pencil in its place, keeping the string tight and 
the pencil upright; move the pencil round '-the foci and its points wilt 
trace an ellipse. 

Problem 15$ — To draw an ellipse by means of a paper trammel, 
given the major and minor axes AB and CD. (Plate XII, Fig. 3.) 

Cut a narrow strip of paper with a straight edge. On this edge- 
make EE equal to the semi-major axis and EG equal to the semi-minor' 
axis. This is called a trammel, and may be made of paper, wood or- 
any convenient material. Place the trammel in such a position over 
the axes, that G shall always rest on the major axis and E on the minor 
axis. Then E is a point on the ellipse. Mark as many points as are- 
required, and complete the ellipse by hand or by a “Erench curve.” 

Theoretical Methods 

Problem 15S — Given the major and minor axes AB and CD to draw 
an ellipse. (Plate XII, Fig. 5.) 

Describe concentric choles on each axis as diameter, and divide 
each circle into any number of parts by radii. From the points where- 
these radii cut the smaller circle draw ordinates parallel to AB, and 
from the points where the radii cut. the larger circle, draw ordinates- 
parallel to CD. The points where these ordinates intersect are points 
on the ellipse which must be completed by hand. 
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Problem 136 — Given the major and minor axes AB and CD to draw 
an ellipse. (Plate XII, Fig. 5.) 

Find the foci Fj and F 2 - Between F , , and the centre of the ellipse- 

0 , take any number of points 1 , 2, etc., the distance between the points- 
being smaller as they approach F. 

With the foci for centres and raddi A 1 and B1 draw arcs intersecting ' 
at Bp Eg, B 3 , and E 4 With the same centres and radii A 2 B 2 draw 
arcs intersecting at G,, G 2 > Gls, and 64 , and so on. These are points- 
on the ellipse. 

Problem 137— Given any two conjugate axes AB and CD to draw an,; 
ellipse. (Plate XII, Fig. 6.) 

Complete the parallelogxam EFGH. The sides being parallel to - 
the conjugate axes. 

Divide AE into any number of equal parts (say four) in the points • 

1, 2, 3, and the semi-axes AO into the same number of equal parts in. 
4, 5, 6 . Join C with the points 1, 2, 3. From D through the points- 
4, O', 6 draw lines meeting Cl, C 2 and C3. The points of intersection 
arc points on the ellipse. Bepeat the process for each quadrant and- 
complete the ellipse by hand. 

A'p'proximate Methods 

Problem 138— Given the mojor axes AB to draw an ellipse approxi- • 
mately by arcs of circles. (Plate XII, Fig. 7.) 

Divide AB into four equal parts in C, 0 and D.. With C and D as • 
centres and CA as radius describe circles, and with the same centres ■ 
and radius CD describe arcs intersecting at F and G. 

Draw lines GC, GD, FC and FD, and produce them till they cut 
the circles in H, J, L and K. From F and G with radius FL, draw arcs - 
connecting L with K and H with J which will complete the figure. 

Problem 139 — Given the major and minor axes AB and CD to draw 
an ellipse approximately by arcs of circles. (Plate XII, Fig. 8.) 

From B set off BF equal to CD and divide FA into three equal.' 
parts. Set off two of these parts on each side of 0, the centre of the-- 
ellipse, giving points GianclGg.. With Gi and G 2 , as centres and- 
radius Gj, draw arcs intersecting at FI and J. ■ 
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Prom B[> and J draw lines through Gj, G 2 , and produce them. With 
centres H and J and. radius HD describe arcs cutting these lines pro- 
•duced in N, M, K and L. With centres Gj, and Gg, and radius Gi A 
draw arcs to complete the figure. 

Problem 150 — Given an ellipse to find the major and minor axis and 
to draw a tangent and normal to the ellipse at any given point L. 
.(Plate XII, Fig. 9.) 

Draw any two parallel chords EF and GH and bisect them. The 
■line joining the points of bisection will be a diameter, and the centre 
point of the diameter 0 is the centre of the ellipse. With centre 0 
■draw any arc JK cutting the ellipse in J and K. Join JK. A line 
•AB bisecting JK at .right angles will be the major axis, and a line CD 
■drawn through 0 at right' angles to AB will be the minor axis. 

To draw a tangent and a normal, find the foci Pj , Eg- 

Join Pjt, L and Pg, L and produce the lines to N and M. A line 
■drawn bisecting the angle MLEj, is a tangent to the curve at L, and a 
■line drawn perpendicular to the tangent at L is a normal to the. cinve. 

(The method of drawing a normal to any curve is useful for obtain- 
ing the correct joints in arches.) 

Problem 151 — To construct an oval or egg-shaped figure, the width 
AB being given. (Plate XII, Pig. 10.) 

Bisect AB by the line CD, cutting AB in E, and from E, with 
radius EA, draw a circle cutting CD in P. 

Prom A and 1^, draw lines through P, and produce them indefi- 
nitely. 

Prom A and B, with radius AB, draw arcs cutting the last two lines 
in H and G. 

Prom P, with radius PG, describe the arc GH, to meet the arcs AG 
•and BH, which will complete the oval. 

The Parabola 

The Parabola is a curve formed by a plane cutting a cone parallel 
to a side. 

Problem 152— To draw a parabola, the focus F and the director 
AB being given. (Plate XII, Fig. 11.) 
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Draw the axis CD of the parabola through P perpendicular to AB. 
Bisect PC in E, which is the vertex of the cuiwe. Draw any number of 
lines parallel to AB. With P as centre and radii equal to the distance 
of each line from the director AB cut off points on the line which will 
give points on the Parabola. 

Problem 1S3 — The double ordinate AB and abscissa CD being given 
to construct a parabola. (Plate XII, Fig. 12.) 

Divide CA and CB into any number of equal parts — viz. 1, *2, 3, 4. 

Divide AE and BP into the same number of equal parts.. 

Prom D, draw lines to the points in EA and PB. 

Prom points 1, 2, 3, 4 in AC and CB, draw perpendiculars to meet 
the lines drawn from D to the points in EA and PB. 

The curve is to be drawn through the point where the perpendicular 
1 meets Dl, where perpendicular 2 meets D2, etc., etc. 

Problem 154 — To draw a normal and a tangent to a parabola at any 
given point C. (Plate XII, Fig. 13.} 

Draw an ordinate BC through C. Make DE equal to DB and join 
EC. This is the requned tangent, and the normal will be perpendicu- 


lar to the tangent. 


The Hyperbola 


The Hyperbola is a curve formed by a plane making a greater angle 
with the base of a cone than the side of the cone makes with the base. 

Problem 155 — Given the diameter AB the abscissa BC and double 
nrdinate BE, to construct an hyperbola. (Plate XII, Fig. 14.) 

Through B draw a line parallel to DE, meeting the lines, DP, EG 
drawn perpendicular to DE_, in the ^Doints P and G. 

Divide CD and CE into any number of equal parts 1, 2, 3. 

Divide PD and GE into the same number of equal parts. 

Prom B, draw lines to the points in PD and GE. 

Prom A, draw lines to the points in DE. 

Draw the curve through the j)oints where the lines correspondingly 
numbered intersect one another. 

Problem 156 — The major axis AB and the foci Fj and F 2 being given 
to draw an hyperbola, and to draw a tangent and a normal at a point P. 
(Plate XII, Fig. 15.) - ' ^ 
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In BA produced take any number of points 1, 2, 3, etc. 

With Fj and P 2 as centres and radius A1 draw arcs at C, and with 
the same centres and radius B1 intersect these arcs obtaining points on 
the hyperbola. Proceed in the same way for the remaining points 2, 3' 
etc. 

To draw to tangent and normal, join P. and F 2 P. The line 
bisecting the angle F , PF o is the tangent at P and a line perpendicular 
to the tangent is the normal. 

Tracery 

The preceding problems intelligently applied should enable the’ 
student to draw anj' architectural tracery or any ornamental pattern, 
Plate XII, Fig. 16 shows the Gothic trefoil, and Fig. 17 an example of 
tracery applied to a window. 

Arches 

Problem 157 — To construct a segmental arch given the span AB' 
and the rise CD. (Plate XII, Fig. 18.) 

•Join DB and bisect it by the perpendicular EF cutting DO produced! 
in F, which is the centre of the required arc ADB. 

Problem 158 — To construct an equilateral arch the span AB being! 
given. (Plate XII, Fig. 19.) 

With centres A and B and radius AB draw arcs intersecting at C. 

Problem 159 — To construct a pointed arch (two centres) the spam 
AB and the rise CD being given. (Plate XII, Fig. 20.) 

Join DA and DB and bisect these lines at right angles by lines EF' 
and GH, cutting the span AB produced m F and H, which are the- 
required centres. 

Problem 160 — To construct a semi-elliptical arch (three centres). 
the span AB and the rise CD being given. (Plate XII, Fig. 21.) 

Join AD and make DE equal to AG minus CD. Bisect AE by a. 
line at right angles cutting AC in F and DC produced in G. Then F 
is the centre of the s,rc AIv and G the centre of the arc IvD., Complete- 
the arch. 

Problem 161 — To construct a pointed arch (four centres) the span; 
AB and the rise CD being given. (Plate XII, Fig. 22.) 

Divide AB into four equal parts in E, C, F. With centres A and 
B and radius AF, describe ares intersecting at H. Join FH and EH 
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and produc?e these lines to meet perpendiculars to AB let fall from E 
and F, in the points K. L. Then E and F are centres of the arcs 
AM and BN, and K and L of arcs ND and MD. This solution only 
holds good when the rise is J of the span. 

Problem 162— To draw an Ogee arch, the span AB and the rise CD 
being given. (Plate XII, Fig. 23.) 

Join DA and DB, and divide the lines into any required proportion- 
in the points E and F. Describe the arcs AE and BP. With centres 
E, D and F and radius ED describe intersecting arcs at G and H. 
With centres G and BO and radius GE complete the curve of the arch. 

Problem 163 — To construct a Satacenic arch (four centres) given 
the span AB and the rise CD. (Plate XII, Fig. 25.) 

Divide AB into eight equal parts. Through points 1 and 7 draw 
lines perpendicular to AB, and with 3 and 5 as centres and radius 
3A draw arcs iVE and BF cutting the perpendiculars through 1 and T 
in E and P. Join E3 and F5, and produce these lines to cut the per- 
pendiculars through 7 and. 1 in the points H and G which are the 
centres for the rest of the arch. 

Problem 165— To construct a semi-elliptical arch given the span 
AB and the rise CD. (Plate XII, Fig. 25.) 

(i) By five centres — 

Produce DC to E and make DE equal to AB.. Make BF equal to 
g th of AB. With F as centre and radius equal to gtbs of AB, and 

with E as centre and radius equal §rds of AB, describe arcs intersect- 
ing at G. Join EG and produce it to K, and GF and produce it to PI. 
Then F is the centre of the arc BH, G of the arc PIK, and E of the 
arc ED. • 

(ii) Proceed as in Problem 147. 

Problem 165— To construct a Lancet arch, given the span AB. 
(Plate XII, Fig. 26.) 

Produce AB both ways to E and F. Make AE and BF equal to^ 
AC. Then E and F are the required centres. 

If the rise is fixed, the methods shown in Problem 159 can be used- 
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Mouldings 

Mouldings may be divided into two classes, Eoman and G-recian. 

Eoman mouldings are composed only of parts of circles and straight 
lines, and are severe in contour. Grecian mouldings are composed, as a 
rule, of parts of the ellipse, parabola and hyperbola and are more ornate 
and varied in contour., 

D&finiUo7is 

Fillet is the rectangular part above or under a moulding. If this 
’ends in a convex semicircle it is called a Bead. 

Toms, a convex semicircle or semi-ellipse with a fillet above or 
below it, as in Plate XIII, Fig. 1. 

Scotia, a concave semicircle or semi-ellipse, as in Plate XIII, Fig. 

? 7 . 

Echinus ovolo, or quarter round. When the contour of the mould- 
ing is convex, and a part of a circle equal to or less that than quarterant 
■of a circle or part of a conic section, as in Plate XIII. Figs. 2 and 7 to 
13. 

Gavetto, or hollow, is the reverse of the ovolo ^ as in Figs. 3 and 4. 

Gymn reversa, or ogee, a contour half convex and half concave, as 
in Plate XIII, Figs. 6 and 16. 

Gyma recta, or Gyrnathm, is the reverse of the cyma reversa, as in 
Plate XIII, Figsl. 5 and 15. 

Each moulding has its own proper enrichment, for which the 
-enquiring student may be referred to Chamber’s treatise on the deco- 
rative part of Civil Architecture, and other works of a like nature. 

Eoman Mouldings 

Problem 166 — Given, the depth of the moulding to draw a Tours. 
(Plate XIII, Fig. 1.) 

Bisect the depth of moulding in a and draw a semicircle. 

Problem 167 — Given the points a and h draw an Ovolo and a 
Cavetto. (Plate XIII, Figs. 2 and 3.) 

With centres a and b, describe arcs intersecting at c. Then c is 
the centre of the curve. 

Problem 168 — Given the lines terminating in b and a to describe a 
curve to meet them, and one of them in the point a (Plate XIII, 
Fig. 4.) 
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Produce the lines to meet in d, Plate db equal to da and at a 
and h erect perpendiculars intersecting at c. Then c is the centi^e of 
the curve. 

Problem 169— - Given the points a and b to draw a Cyma recta and a 
Cyma reserve, (Plate XIII, Figs. 5 and 6.) 

Join ab and bisect the line in e. On be and ea erect equilateral 
triangles. The apex of each triangle is the centre of the curve. 

Grecian Mouldings 

Problem 170--Given the point of turn or quirk at B and the tangent 
CP at the bottom of the moulding to draw it. (Plate XIII, Figs. 7, 8, 
9, 10, 11 and 12.) 

Draw GF a continuation of the upper line of the under filled. 
Through B draw BG perpendicular to GF, rneeting GF in G, and the 
tangent GF in 0, Through B draw BE parallel to GF, and through 
F, draw FED A parallel to BG, cutting BE in E. Plake AE equal to 
EF, and ED to CG, and join BD, Divide BD and BC into an equal 
number of parts. From A, through the points 1, 2, 3, 4 in BD draw 
lines, and from F, through the points, 1, 2, 3, 4 in BC draw lines, 
cutting the former, which gives points on the curve. 

If CG be less than one half GB, the moulding will be ELLiPTicAii, 
Figs.^ 7 and 8, . . 

If CG be one half GB, the moulding will be parabolical, Figs. 9 
and 10. 

If CG be greater than half GB, the moulding will be hj-perbolidal, 
Figs. 11 and 12. 

Problem 171 — Given the semi-transverse and semi-conjugate axes 
to describe the moulding. (Plate XIII, Figs. 13, 14, 15, 16 and 17.) 

Complete the rectangle and draw the portion of the elipse by 
Problem 147. 

Problem 172— Given the depth of a moulding CB and point of quirk 
at D. Describe an Echinus quirked at top and bottom. (Plate XIII? 
Fig. 18.) 

Alake AL equal to DC. Join DL and bisect it in I. DL is a dia- 
meter of the required elipse and it is necessary to find its conjugate 
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to draw the elipse. Draw IH parallel to CB which gives the direction 
of the conjugate. 

With centre I and radius ID describe a semi-circle. Draw any 
■ordinate to the diameter KE parallel to GB. Through K draw KP 
perpendicular to DL meeting the semi-circle in P. |Make DP ’equal 
to KP and PR parallel and equal to PE. Join DR and produce it to 
■cut IH in H. Then IH is the semi-conjugate diameter, and the elipse 
may be drawn by Problem 147. 

Orders of Ancient Arthitecture 

Ancient Architecture is divided into the following orders : Tuscan, 
Roman Doric, Grecian Doric, Ionic, Corinthian and Composite. 

Fig. 19 gives an example of the Ionic order showing the method of 
arranging the mouldings in the columns. 

The scale is drawn in Modules. 

I 

A module is equal to half the diameter of the foot of the column; 
and is divided by Prench architects into 12 minutes for the Tuscan 
and Doric orders, and 18 minutes for the Ionic, Corinthian and Com- 
posite orders. In England the module is often divided uniformly into 
30 minutes. 

The most characteristic point to be noted is the Ionic volute, the 
methodf of drawing which will now be given.. 

Spirals 

A spiral, strictly speaking, signifies a line drawn round the surface 

of a cone, which line is continually approaching nearer, to the axis as it 
comes nearer to the vertex of the cone. 

It has, however, to be drawn on a plane such as a sheet of jiaper, 
and may be defined as follows : 

If round a fixed point another be supposed to move continually, 
approaching or receding from the fixed point, according to some law, 
the figure so described is called a Spiral, 

If the nioving point has gone once round the fixed point, the spiral 
is said to have one revolution, and if twice round, it is said to consist 
of two revolutions, and so on. 

The fixed point is called the Centre of the spiral. 
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Any straight line drawn from the centre of the spiral and tenninpA- 
ed by the curve is called an Ordinate. 

If the greatest radius moves uniformly round the centre and at the 
same time uniformly diminishes, so that both motions begin and end 
together, the curve is called the Spibal of Abchimedes. {See Plate- 
•XIV, Fig, 1.) , ^ 

If the curve be such that if it was everywhere cut by ordinates, the 
angles made by the tangents at each of these points with the ordinates 
are equal, then the cuiwe is called the Logabithmic ob Pbopobtional 
Spibal. (Plate 'XIV, Fig, 2.) 

Problem 173--To draw an Archimedian spiral of three revolutions, 
the centre 0 and the greatest ordinate OA being given. (Plate XI Y, 
Pig. 1.) 

Draw two lines intersecting each other perpendicularly at 0. With 
radius OA describe a circle. Divide the circumference into any number 
of equal parts (say, eight) and draw lines from each point of division 
to the centre. Divide OA into three equal parts (the spiral having 
three revolutions.) Divide each of these parts again into eight equal 
parts. Mark on the radius OB 23 parts, on OC 22, on 0D .21, and so 
on, till the centre is reached. The curve drawn through the points so 
obtained is the required spiral. 

If a string is twisted round a globe, in regular order, and a pencil 
point fixed to its extremity, in unwinding the string,, the pencil point, 
held upright, will describe an Archimedian Spiral. 

Problem 17?— -To draw a proportional spiral of three revolutions, 
the centre 0 and the height of AC being given. (Plate XIY, Fig. 2.) 

Through 0 draw DB perpendicular to AG. Find OB a mean pro- 
portional between OC and OA. Join AB and BC. Through C draw 
CD parallel to AB cutting BD in D, and through D draw DE parallel 
to CB cutting CA in E. Through E draw EF parallel to DC cutting 
BD in F. Proceed in this way to the end of the last revolution. To 
find any number of intermediatei points, bisect the angles AOB, BOC, 
COD and DOE by the lines 31 and 42. Make 01 a mean proportional 
between OA and OB, and 02 a mean proportional between OB and 
OC. Join Al, IB, B2, 2C. Draw C3 parallel to Al, 3D parahel to 
Bl, D4 parallel to B2, etc., that is, each parallel to the line subtending 
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its opposite angle. This will give a second set of paints, and more 
may be obtained according to the degree of accuracy ^required. 

If a string be wound round a cjdindrical body, one roll outside 
another, the pencil point will describe this spiral, the thickness of the 
string determining the greater or less increase of the revolutions of the 
spiral. 

These two spirals are not, however, very graceful, and. a more 
attractive spiral is that known as the Ionic volute. There are several 
methods among which may be mentioned De Lorme’s, Goldman’s- 
and Palladio’s. Examples of the &st two methods are given. 

Problem 175— -To draw the Ionic volute, the total height being given 
by De Lorme’s method. (Plate XIY, Pigs. 3 and J.) 

Divide the total height AB into eight parts. On 3, 4 as diameter- 
describe the eye. In the eye place a square with one diameter coin- 
cident with AB. (See enlarged centre Fig, 4.) Bisect the sides of 
the square in the points 1, 2, 3 and 4, thus placing a smaller square 
within the first square. Divide the diagonal 1, 3 and 2, 4 each into six 
equal parts, and number the points so obtained as in Fig. 4. These 
12 points are the centres from, each of which a quadi'ant of a circle may 
be drawn. 

To draw the inner fillet, divide the distance 1, 5 in Fig. 4 into four- 
parts, and mark off one part so obtained on the diagonals from each 
of the centres, thus obtaining 12 new centres for drawing the fillet. 

Problem 176— ^To draw the Ionic volute, given the diameter of the 
eye AB, and the greatest ordinate or cathetus CP, by Goldman’s 
method. (Prom Sir W. Chambers.) (Plate XIY, Pigs. 5 and 6.) 

The cathetus should be half a module and the diameter of the eye 
^ ths of a module. 

Divide the eye into four equal parts by the diameters AB and DE 
(the operation is enlarged in Fig. 6). Bisect the radii CA and CE in 
1 and 4, and on the line 1, 4 construct a square 1, 2, 3, 4. Prom the 
centre 0 to the angles 2, and 3 draw the diagonals C2, 03. Divide the 
side of the square 1, 4 into six equal parts at 5, 9, G, 12, 8. Through 
the points 5, 9, 12, 8 draw the lines 5, 6, 9, 10, 12, 11, 8, 7, parallel ta 
the diameter ED which will cut the diagonals in 6, 10, 11, 7 ano^ 
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the points 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 will be the centres of the- 
volute. 

centre 1, with radius 1, F, describe the quadrant "R'G. 
i^m tile second centre 2, with the radius 2, G, describe the quadrant 

GH Go^mue the operation for all 12 centres. The volute should' 
finish at the point A. 

The centres for the fillet are found in this manner : Construct the- 
tiiangle of which the side AP is equal to the part of the cathetus con- 
tained between A and P, and the side PV equals 01. On the side 
F place the distance PS, from P towards A, equal to the breadth of- 
the fillet (g til of a module). 

Through S draw ST parallel to PV. Then ST is to Cl in the same^ 
proportion as AS is to AP. Place the distance ST on each side of the- 
centre C on the diameter of the eye AB. Divide it into three equal 
par s, and through the points of division draw lines parallel to the 
diameter ED which will cut the diagonals C2, C3 and 12 new centres: 
are obtained for the interior contour of the fillet. 


CHAPTEE V 

Elementary SoLip Geometry 

The last four chapters have dealt with the representation of jilane 
•surfaces (having length and breadth only) on a plane surface, such as 
■drawing paper. But all objects in nature have not only length and 
^breadth, but thickness, so that the points, lines, and surfaces of winch 
rthey are composed will not lie in one plane only, but in various planes. 
Some means are obviously desirable by which these objects may be 
•represented on a plane snrface, snch as drawing paper, in such a 
manner that they can be accurately measm’ed to scale. 

The position of an object in space may evidently be fixed , by it.w 
relation to, or distance from, certain fixed planes. Take two pieces 
of . wood fixed at right angles to each other, representing two planes, 
■•the position of which is known, and let us see how the position of any 
ipoint in space A can be fixed in relation to these planes. Attach 
■two pieces of wire to the point A, at right angles to each other and 
drive them perpendicularly in the two pieces of wood. The position 
• of the two planes represented by the pieces of wood being known, if 
the length of the two wires is measured, the position of the point A 
■in space is known in relation to the two given planes. 

The wkes may be taken to be lines representing rays of light sup- 
posed to be thrown or projected, from every point in the object on to 

■ each plane. 

These lines or rays are termed “Projectors” and the planes are 
called the “Planes of Projection.” The outline of the object traced 
'by the projectors on the plane of projection is called the Piojectioa 

■ of the object on that plane. 

There are three important methods of projection 

1. Perspective or Natural Projection, which will be dealt with 

:in detail in Chapter XYI. ^ 

Note— A great deal of this chapter is quoted from the Text-Book of Practical so u 
-Geometry for the use of the Boyal Military Academy, Woolrvich, by Capt. E.. H. deV. 
• Atkinson', b.b., by kind permission of B. and E. N. Spon, Limited, 125 Strand, Lon on- 

2. Orthographic or perpendicular Projection. 
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'3. Isometric Projection, which will be dealt with in Chapter IX. 

Perspective Projection is a geometrical method of obtaining on 
paper a drawing representing objects as actually seen by the eye. 
As all the projectors or rays of light from every point in the object 
converge in the eye, it follows that there must be distortions, the 
principles of which are — 

(a) , The lengths in the drawing, of lines of equal length in the 
object, vary with the distance of the lines from the eye. If you 
look down a receding line of railway, in which the sleepers are 
at right angles to the rails, although the sleepers are really all the 
same length, yet they seem to* get smaller and smaller the further 

. distant they are from the point of vision. 

(b) Various lines are more or less foreshortened as they are 
more or less oblique to the plane of projection. 

It is, therefore, impossible to take actual measurements from a 
perspective drawing, and it is to enable this practical necessity to be 
carried out that we resort' to Orthographic Projection. 

Ortho GRAPHIC Projection 

In Orthographic Projection the first distortion mentioned la), 
is got over by imagining that the eye is at an infinite distance fiom 
the object. Then the rays from every point in the object, instead of 
converging to the oye, become parallel to each other and perpendicular 
to the plane of projection. In other words, the eye is supposed to 
move into a position perpendicular to each point in the object at the 
same time. This is, of course, physically impossible, and it is import- 
ant to remember that an object can never be seen as represented in 
an orthographic projection. Now in Fug, 1, PtMe XV, we have the 
orthographic projection of a rectangular box obtained by projecting 
the base down on to the horizontal plane, the eye being supposed to 
be above the box (as at A), and the exact dimensions of the base of the 
box can be measmed. We, however, see that all lines not parallel 
to the plane of projection are still foreshortened (distortion b), those 
at right angles to the base being foreshortened to a point, and to 
obviate this we introduce another plane of projection, called the 




114 CJIAPTER 

"\^ertical plane, at right angles to the first or Horizontal plane. Shift- 
ing the eye to B, we can now make a projection on the vertical planer- 
and by using' as many vertical planes as are necessary parallel , to the 
various sides of the box, we obtain full information as to the size of each 
side. 

The projection on the Horizontal plane, or H. P., is. called a 
“Plan,” and the projections on the Vertical planes, or V. P.’s, are 
called “Elevations.” 

It may be noted that as the object is supposed to be fixed in space 
there can be but one Plan; but there can be anj^ number of Elevation^,, 
because vertical planes can. be erected all round the object and pro- 
jections made, on them, the object being viewed from any point re- 
quired. It must be remembered that the object always remains 
between the observer’s eye and the V. P. It is very important to note 
that as the object is in a fixed position, each point toill he the same height 
above the H. P, in all elevations. 

In Figs. 1 and 2, y represents the height of the box above the hori- 
zontal plane, and ix the distance from the vertical plane. The Student 
may now remark that the box is rectangular, . and the side being at 
right angles to the base, it is possible to obtain all necessary dimen- 
sions from the H. P. and Y. P. If, however, the object was a pyramid 
with a square base, how’ would the dimensions of the sloping side be 
obtained? Would you take a plane parallel to this sloping side and 
make an angle with the H. P.? No. It is very important to 
remember that in all cases a Y. P. and an H. P. are at right angles 
to each other. In this case the pyramid would be rotated on one edge 
of the base till the sloping side was vertical, and a projection would 
then be made on a V. P. parallel to it, and the necessary dimensions 
obtained. This will be dealt with in detail further on. A practical 
difficulty now’- occurs. The object is to be represented on paper, but 
it is not possible to keep bending the paper up at right angles to get 
the Y. P. Suppose the two planes in Fig. 1 are hinged, and that 
- the vertical plane is allowed to drop back a quarter of a circle till it 
lies in the same plane with the horizontal plane as shown by dotted 
lines. Yiew’ed from the front the two planes will be as represented 
in Fig. 2. The two projections remain as before, except that the^y 
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Rre now in one plane, and it can be seen that each point in plan is 
•exactly under the corresponding point in elevation. 

It will be shown in Problem 177 how to go to work in practice to 
:get the two projections of the box on one plane, such as a sheet of 
drawing paper, but before doing so it is necessary to give a few defi- 
. nitions arid rules for lettering. 

Defunitions 

A Plan is the orthographic projection of an object on the hori- 
Yiontal plane or H. P. which is represented by the drawing paper. 

An Elevation is the orthographic projection of an object on any 
vertical plane or V. P. 

A Section- is the representation of the surface that would be exposed, 
supposing the object to be cut by a plane passing in any required 
direction. This imaginary cutting plane is usually vertical, and every 
part of the solid between the eye and the cutting plane is assumed to be 
removed. 

The Profile of an object is a section made by a Y. P. cutting the 
object in a direction perpendicular to its length. A j^rofile shows the 
:irue breadths, and is the only section that does so. 

A Contour is the plan of the intersection of a surface by a horizontal 
plane. 

If it is required to draw the plan and elevation of an object in a 
•certain position, it may sometimes Be ' necessarj' to draw plans and 
■elevations of the object in other positions first, in order to obtain the 
required projections. These plans and elevations are called -‘Auxiliary’* 
or ‘ ‘ Constructive. ’ ’ 

Pules for Lettering Drawings 

It is essential in the more complicated problems to letter distinctly 
each point in plan and elevation, and, moreover, to do so in a syste- 
matic way. The Student should get into the way of doing this by 
never drawing anything, however, simple, without lettering it. 

1. For all original points in space use capital letters, A, B, C, etc. 

2. An original point A, etc., will have a plan a and an elevation 

a2 If more than one plan be drawn, the corresponding points will 
be lettered etc., if more than one elevation etc. 
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If a point in plan represents two points in the object (as the 
point ^ in Fig. 3, Plate XV*), and consequently has to be marked with 
two letters put the letter representing the point nearest your eye 
above the other letter. Deal in the same way with a point in elevation 
representing two points in plan (as the point in Fig. 9, Plate XV.) 

These letters should be printed in black italics ^ths of an inch 
high. 

. 3. Given lines to be thin continuous black lines. 

4. Eesulting projections to be shown in thick continuous black 

LINES. 

5. All construction lines and projectors to be fine common noxTEn 
LINES. In a finished drawing, only the outer projectors need be shovm. 

6. All auxiliary elevations and plans to be chain-dotted. 

7. Elevations projected from' plans, eixeept auxiliary elevations,, 
to be shown as “results” or new views of the object. 

8. The intersection of the co-ordinate planes, commonly called 
the XY line, to be invariably marked with the letters XY in block 

capitals ^ths of an inch high. 

Problem 177--To draw the plan and elevation of a rectangular 
box, x inches long, y inches wide, and ^ inches high, when one of the. 
long sides makes an angle of 30° with the Y. P., and one of the faces 
abed lies in the H. P. (Plate XY, Fig. 3.) 

Draw the plan of the box, which will be a rectangle x inches long: 
and y inches wide. Draw a line rexiresenting the hinge of the V. P. 
making 30° with the plane of one of the long sides. Now this line 
rexM'esents both the plan of the V. P. and the elevation of the H. P.. 
It is commonly called the “XY line” ‘the “ground line” or the 
“datum line.” 

Each angular point in the actually represents two x^^ints- 

in the box, viz.^ the top and bottom corners. Letter then a, b, c, d, 
representing the bottom of the box, and e, /, g, h, representing the 
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top of the box. From each of these points di’aw projectors at right- 
angles to the XY line. As the base of the box rests on the H. P. a, 
h, c, d, must, in elevation, be in the XY line, and can be lettered 
a , V , d , dd Draw a line parallel to the XY line at a distance from it 
equal to the height of the box (z inches). Continue the projectors^ 
till they cut this line, and letter the points obtained d f cf W repre- 
senting the top of the box. The result is the required elevation. 


CHAPTEE VI 

Elementary projection of solids 

A “Solid” is that which has length, breadth, and thickness (Euclid 
Book XI, Def. 1). 

Geometrical solids may be classed — 

1. Eegular solids which are contained by equal and regular surfaces. 
Each of them can be inscribed in a sphere, and all their regular points 
-a.re equidistant from the centre of the sphere. It can be proved that 
'five, and only five, solids can fulfil these conditions. These are — 

(i) The Tetrahedron, contained by four equal and equilateral 
triangles. (No. 1, Plate XV, Fig, 4.) 

(ii) The cube, contained by six equal squares. (No. 2, Plate 
XV, Fig. 4.) 

(hi) The Octahedron, contained by eight equal and equilateral 
triangles. (No. 3, Plate XV, Fig. 4.) 

(iv) The Dodecahedron, contained hy twelve equal pentagons, 
which are equilateral and equiangular. (No. 4, Plate XV, Fig. 
4.) 

(v) The Icosahedron, contained by twenty equal and equilateral 
triangles. (No. 5, Plate XV, Fig. 4.) 

2. Solids of Eevolution, three in number — 

(i) The Sphere. (No. 1, Plate XV, Fig. 5.) 

(ii) The Cone. (No. 2, Plate XV, Fig. 5.) 

(hi) The Cjdinder, (No. 3, Plate XV, Fig. 5.) 

3. Prisms, which are solids having two parallel polygonal ends, 
'equal in size and shape. The sides which, unite these ends are paral- 
lelograms. If these sides are perpendicular to the ends, the solid is a 
right prism. Prisms are called after the shape of their ends. Thus, 
if the solid has a pentagonal base it is called a pentagonal prism. 
•(No. 4, Plate XV, Fig, 5.) 

4. Pyramids, which are solids having one polygonal base. Erom 
‘each of the angles of the base a series of edges converg to a point 
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called the apex. If the line drawn from the apex to the centre of 
the base is perpendicular to the base, the solid is a right 'pyramid. 
Pyramids are named in the same way as prisms. (No. 5, Plate XV^ 
Fig. D.) 

The object of the exercises in this chapter is to give a Student the 
.groundwork of knowledge which will enable him to produce projec- 
tions of objects he may meet with in his daily work as an Engineer, 
in however complicated or difficult position they may be placed. 

Solids are assumed for purposes of drawing to be transparent, and 
the invisible edges are represented by dotted lines. It is sometimes 
.a matter of difficulty to the beginner to decide wdiich lines should be 
continuous and wdiich dotted. 

If you are projecting an elevation from a plan, try and imagine 
ihat the V. P. actually rises from the XT line at right angles to the 
H. P. Get , your eye dowm, and look at it with the object placed in 
imagination betw'een you and the Y, P. 

The lines of the solid represented in the plan by lines nearest your 
'eye wdll be continuous in elevation, and those further aw^ay or behind 
the solid will be dotted. 

In the same w^ay, if you are projecting a plan from, an elevation, 
imagine you are looking perpendicularly dowm on to the object from 
a point above it. Those lines wdiich are uppermost in elevation wdll 
be continuous in plan, and those nearest the XT line in elevation, 
which represent lines in the object which .cannot be seen from above, 
wdll be dotted- in plan. 

Although in many cases the easiest method of obtaining the required 
projections of a solid wdll only be recognized by the light of experience, 
yet all the more important positions can be grouped in the following 
nases : . 

Case 1. One face in or parallel to the H. P. 

Case 2. One edge of a face in or parallel to the H. P., the inclination 
nf one of the faces containing that edge being given. 

Case 3. One edge of the base in or parallel to the H. P., the incli- 
nation of the base being given. 

Case 4. One point in or in a lane parallel to the H. P., the incli- 
nation of the edge or diagonal passing through the point being^ given. 
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Case 5. The inclination of one face, and of a line in that face being 
given. 

Case 6. The inclination of two edges or diagonals being given. 
Ca&e 7. The inclination of two adjacent faces being given. 

Onlj^ the first four cases will be dealt with in this chapter. The 
remaining cases require some knowledge of the projection of Lines' 
and Planes, and are dealt with in Part II, Chapters XI and XIT. 

Case I 

One face in or jmrallel to the H. P. 

Problem 178— To draw the plan and elevation of a tetrahedron 
(1 inch side), when one face rests in the H. P., and to find the true size 

of its sloping sides. (Plate XY, Figs. 6, 7 and 8.) 

The required plan is the equilateral triangle abc of 1 inch side. The 
centre of the triangle d is the plan of the apex. (Fig- 7.) ■ 

To obtain the elevation project each of the points u, b, c, d, up- 

to the XY line. We must now find the height of the tetrahedron, 
examining Fig. 6 it will be seen that the inclined edges of the solid 
are really equal in lengh to the edges of the base, being each sides of 
equal equilateral triangles. It can further be seen that' their length 
in plan is the distance from the angles of the base to the plan of the 
apex. If a right-angled triangle is constructed with Ad, the fore- 
shortened plan of an inclined edge AD as base, and the real length 

of the inclined edge AD as hypotenuse, then the perpendicular dD 
represents the height of the solid. 

kn Fig. 7 the plan of the solid with one face resting in the H. P. 
has been obtained. On ad as base erect a perpendicular dh With 
centre a and radius ac cut off on this perpendicular a length al equal 
to ac. The required right-angled triangle is now obtained, and dl 
is the height of the tetrahendron. Set it off on the projector from ' 
d and complete the elevation. 

We have already remarked, on page 106, that in order to obtain, 

the true nieasurements of a sloping face of an object, we must obtain 

an elevation of the object on a V. P. at right angles to one edge of the' 
face, and then, using that edge as a hinge, rotate the elevation till 
the face is perpendicular. In this, case. Fig. obtain the elevation 
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of the solid on a V. P. at right angles to the edge ch. Eotate the 
elevation till the face cdb is vertical. To prevent confusion this eleva- 
tion has been moved to one side and is . From this project 

down a plan. Then from this plan project up an elevation on an 
XY line parallel to the face cdh, and we obtain the true measurements 
of a sloping face, which is of course an equilateral triangle of 1 inch 
side. This system of “rotating’*’ is most important and should be 
thoroughly grasped, and will again be referred to later on. 

Problem 179 — To draw the plan and elevation of an octahedron 
when lying with one face in the H. P. (Plate XY, Pig. 9.) 

This is a good example of the method of obtaining the plan and 
elevation required by means of an auxiliary plan and elevation. 

The Student rnust, in the case of every problem, examine the data, 
and see what is the easiest thing to draw first to obtain the required 
result. 

In this case take a model of an octahedron, and place it with one 
diagonal vertical. We see then we can draw its plan which is a 
square. Its elevation can also be projected, as the height . in this 
position is equal to the diagonal of the square abed. 

This elevation, however, must be drawn on an XY line perpendi- 
cular to one of the sides of the square, because we must rotate the 
elevation so that the octahedron lies with one face in the H. P. 

Eotate the elevation, so that each point moves in a plane parallel 
to the V. P., keeping the point e' fixed till the face d V d rests in the 
XY line. This is an elevation of the sohd in the required position. 
Drop projectors from each point in the elevation, and draw lines 
parallel to the XY line from the corresponding points in the auxiliary 
plan to meet these projectors. Join the points thus obtained. The 
result is a plan of the octahedron with the face d , d , d , lying in the 
H. P., and is a regular hexagon. 

Case II 

One edge of a face in or parallel to the H, P., the inclination of one 
of the faces containing that edge being given. 

When the base is at right angles to the faces, as in a right prism, 
the easiest thing to draw first will be an auxiliary elevation of the base, 
so that the elevation of the face of which the inclination is given is 
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represented bj^ a line. Draw the XY line making the given angle 
with this line, and project the solid. When the base of the solid is 
Dot perpendicular to the faces as in the octahedron, pyramids, etc., the 
method given for Case III must be employed. 

Problem 180 — A pentagonal prism rests on one long edge which 
is 1 inch long. The inclination of one of the faces containing that 
edge is 15°. The sides of the base are 1 inch long. Draw the plan. 
(Plate XY, Fig. 10.) 

Draw' an auxiliary elevation of the base which will be a pentagon 
of 1 inch side. Draw an XY line making 25° with one of the sides. 
Project down the plan. 

Case III 

‘ One edge of the base in or parallel to the H. P., the inclination of 
the base being given. 

In this case we must first draw an auxiliary plan of the solid resting 
on its base in the H. F. Project up an. auxiliary elevation of the solid 
in this position, on an XY line at right angles to the plan of^the edge 
of the base on lohich the solid is to rest. The base is now represented in 
this auxiliary elevation as a line, and the edge of the base on which 
the solid is to rest by a point. Keeping this point fixed as a pivot, 
rotate the solid till the elevation of the base makes the required angle 
with the XY line (representing the H. P.) 

■ - The solid is now in the required position and its projections can 
be obtained. 

This is a most important principle, and should be tried with 
various solids till the Student thoroughly grasps it. It must be clearly 
borne in mind that the auxiliary elevation must be made on in XY 
line at right angles to the plan of the edge of the base on which the 
solid is to rest, this edge being used as a hinge. 

Problem 181— ^The letter F is 1 inch high and g inch in section. 
The top and lower arms are | inch apart, and the former projects i- 
inch. Draw the projections of the solid when the letter rests on the 
edges of the base and projecting arms. (Plate XY, Fig. 11.) 

According to the instructions given above, first draw an auxiliary 
plan and elevation of the letter resting on its base, on an XY line at 
right angles to the edge of the base on which it is eventually to rest. 
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Now rotate the auxiliary elevation on this edge as a hinge till the pro- 
jecting arms lie in the XY line. Then project down the plan. The 
elevation is moved to one side in Fig. 11 so as not to confuse the plans. 

Case IV 

One 'point hi or in a plane parallel to the H. P., the inolination of 
-the edge or diagonal passing through the point being given. 

The method to be followed in dealing with this case is the same 
as in Case III, with the following important difference. The YX line 
must be draton parallel to the plan of the edge or diagonal of tohich 
the inclination is given. The point on which the solid is to rest v/ill 
now be the hinge. The XY line being parallel to the plan of the edge 
or diagonal of which the inclination is given, that edge or diagonal 
v/ill now move in the V. P. The elevation must be rotated till the 
given' edge makes the required angle with the H. P., and the projections 
can then be drawn. 

Problem 182— -Draw the plan of a square pyramid (1 inch side 
and 1 inch height), resting on one point in the H. P., an edge passing 
through that point being vertical. (Plate XY, Pig. 12.) 

Let it be required that the edge ce shall be vertical. First draw 
an auxiliary plan, project up an auxiliary elevation on an XY line 
parallel to the plan of the edge ce, keeping the point c, on which the 
solid is to rest, as a pivot, rotate the auxiliary elevation till the edge 
c'' e^' is vertical. Project down the plan. The elevation is here again 
moved to one sdie, in order that the plans may not be confused. 


Solids of Eevolution 

The only point of difficulty likely to arise in the iirojection of solids 
of revolution is the projection of a circle when the plane containing the 
circle makes an angle with one or other of the planes of projection. 

If the plane containing the circle is parallel to the Y. P., the plan 
will be a straight line parallel to the XY line, and equal in length to 
the diameter, and the elevation will be a circle. If parallel to the 
H. P. the plan will be a circle and the elevation a straight line. 
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If the plane containing the circle makes an angle with either plane 
of projection, one projection will be a straight line equal in length to 
the diameter, but inclined at the given angle to the XY line; the other 
projection will be an ellipse, the major axis of which is equal to the 
diameter of the circle, and will be the projection of that diameter 
which is parallel to the plane of projection. The direction of the minor 
axis will varj' with the conditions, but having obtained that diameter, 
whose projection is the major axis, the minor axis can be obtained by 
finding the corresponding projection of the diameter at right angles 
to it. The major and minor axis being fixed, the ellipse can be drawn 
by any of the methods given in Problems 145, 146, etc., or by the 
method given under Case IV, as in the following example. 

Problem 183— Draw the projections of a circle 11 inches diameter, 
when the plane containing it is prependicular to the Y. P., but makes 
an angle of 45° with the H. P. (Plate XYI, Fig. 1.) 

This problem can be treated under Case IV. First draw an 
auxiliary plan and elevation of a circle parallel to the H. P. and 
perpendicular to the V. P. The plan as explained above will be the 
circle acbd, and the elevation a straight line d b' equal in length to 
the diameter of the circle. (The auxiliary plan is shown in continuous 
lines in this case to show, the points of contact with the projectors 
more clearly.) 

Divide the elevation a- V into any number of points 2C 3^ etc. 
and project these points down to the auxiliary plan. With the point 
as pivot, rotate the elevation into the required position h” making 
an angle of 45° with the H. P. Project down each of the points 
2'^, and the points where these projectors meet lines, drawn pai'allcl 
to the XY line, from the points where the projectors from 1', 3^, etc., 

cut the auxiliary plan, are points on the required plan, an ellipse. 

Problem 184— Draw the projections of a cone (diameter of base 

inches, height inches) when the base is inclined to the H. P. 
at 30°. Also a second elevation on a Y. P. inclined at an angle of 
60° to the original Y. P. (Plate XYI, Fig. 2.) 

The first plan and elevation required can be drawn by problem 
18‘3. 
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To get the second elevation, draw an XY line making 60° with 
the first XY line. Project up from the plans of the (extremities of the 
major and minor axes. Measure above, the new XY line the heights 
of the corresponding points above the first XY line. 

The lines joining the points thus obtained will be conjugate axes 
of the second ellipse, which is the elevation of., the base of the cone in 
the required position. 

Prom the points 1, 2, 3, etc., on the plan, draw projectors to the 
•second XY line, marking on them heights above the XY fine, equal 
to the heights of the elevation of the corresponding points above uhe 
first XY line. By this means a number of points V , 2^^ etc., on the 
hew ellipse are obtained, and it can be drawn. If the parallelogram fhjg 
is drawn about the plan of the base of the cone, and its angular points 
are projected up to the new elevation, the parallelogram f f cf is 
obtained. The ellipse must lie in this parallelogram, and "must touch 
it in the points a” c'^ h” cl” , which are the extremities of the conjugate 
axes. 

Examples 

1. Draw the projectors of a cube (1 inch side) one face of which 
is inclined at 35° to the H. P., and an adjacent face being parallel 
to the V. P. 

2. Draw the projections of a cube (1 inch side) one face of which 
is inclined at 35° to the H.‘ P. and an adjacent face at 4B^ to the V- P. 

3. Draw the projections of a hexagonal prism (f inch edge of base, 
2 inches length), the axis of which is inclined at 65° to the H. P. 

4. Draw the projections of a pentagonal prism (| inch edge of base, 
2 inches length), the base of which is inclined at 25° to the H. P. and 
one face at 18° to the V. P. 

5. Draw the projections of an octahedron (1 inch side) with one 
edge resting in the H. P. and the face containing that edge inclined 
:at 20^ to the H. P. 

6. Draw the projections of a pentagonal prism (edge of base § 
inch, length 2 inches) resting on one edge of the base, the face contain- 
ing that edge inclined at 30° to the H. P. Also an elevation on a 'V, .P, 
making 20° with the plan of the edge. 
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7. Draw the plan of a cube when one of its diagonals is vertical 
(edge IJ inches). 

8. Draw the projections of a square prism (height 2 inches, breadth 
1 inch) when a diagonal of a face is horizontal and it is resting with 
one of the shorter edges in, the H. P. 

9. The letter T is. | inch in section, the projecting arms are half the 
length of the stem, which is ’2J inches long. Draw the projections- 
when one face of the stem is inclined at 45° to the V. P., and an edge- 
of that face is inclined at 30° to the PI. P. 

10. A hollow cylinder (height 2|- inches, diameter 2 inches, dia- 
meter of hole 1 inch) stands on one end and supports a sphere of 2| 
inches diameter. Draw the projection. 

11. Four s^Dheres (1 inch diameter) lie on the ground in a pyramid,. 
Draw their projections. 

12. Draw the plan of a cylinder (radius of base 1 inch, length 3- 
inches) resting on a iDoint in the edge of the. base, which is inclined at 
30° to the PI. P., also an elevation when its axis. is inclined at 40^ tO’ 
the V. P. 

13. The upper face of a cube (1-|- inches edge) form 5 the base of a 
regular pyramid (2 inches high). One edge of the cube remote from 
the pyramid is in the H. P., and the vertex of the pjnamid is 2 inches- 
above the H. P. Draw an elevation of the compound solid on a Y. P. 
parallel to one of the slant edges of the pyramid. 

14. Draw- the plan of a double pentagonal pyramid, consisting of 
tw'o right pentagonal pyramids each of the followdng dimensions : Side 
of base IJ- inches, height' 1| inches, the line joining their vertices being 
inclined to the H. P. at 35°. 

15. A hexagonal prism height 2 inches, edge of base 1 inch sup- 
ports a tetrahedron, three of wdiose corners rest on three of the top 
corners of the prism. Draw the projections. 

16. Draw^ the projections of an octahedron (IJ inches side) when 
an axis is inclined at 60° to the H. P. and one edge at . 30^ to the V. P. 

17. Draw the projections of a tetrahedron (2 inches edge) when 
one of its faces is vertical. 

18. A cylindrical bolt (J inch diameter, 1 inch height) has a hexa- 
gonal nut (edge of base 1 inch, thickness | inch). Draw the projection. 
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when the axis is inclined at 30° to the H. P., and one side of the nut 
makes an angle of 20^ with the V. P. 

19. A cylinder (3 inches long, diameter 2 inches), lies on its side in 
the H. P., with its axis inclined at 30° to the V. P. A hoop 3 inches 
diameter lies with one point touching the edge of the base of the cylim 
cler and in a plane perpeiKlicular to the Y. P., and making 30° with the 
H. P. Draw the projections. 

20. A rectangular block of wood (5''^x2^^xP0 rests on the H. P., 
its long side parallel to the Y. P. A cylindical ruler diameter and 
long rests centrally against the block with one point of the base on the 
H. P. and 1 inch projecting over the block. Draw the projections. 

21. Draw the projections of a hollow octagonal prism under the 
following conditions. 

Axis of prism inclined at 30° to the H. P., and 45^ to the Y^. P. 
Length of prism 6 inches, side of octagon 11 inches, diamet^er of hole 
3 inches. The lower end of the XDrism to be to the front. 

Note — S cale for all the questions full size. 
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Sections of SoLifDs 

In most Engineering Drawngs, unless of a very simple nature, the 
plan and elevation alone will not give sufficient information to enable 
the object to be constructed. It will usually be necessary to have 
■details of the interior arrangements, the design, thickness, etc., of walls 
floors, beams, etc. These details are obtained by means of sections- 

If the object is cut into two portions and the portion nearest the 
•eye removed, the form of the freshly cut surface is called a - Section.'' 
The plane by which the object was cut is called the “Secant Plane. 

If any portion of the exterior of the object can be seen in elevation or 
■plan as well as the section, according as the secant plane is Vertical or 
Horizontal, the result is termed a “Sectional Elevation” or a “Sec- 
tional Plan.” 

The Secant Plane may be either — 

1. Perpendicular to one plane and parallel to the other plane of 
projection. 

This' is the section most useful in practice, as it gives the true form 
■of the section from which actual measurements may be taken. 

2. Perpendicular to one plane and inclined to the other plane of 
projection. 

The section thus obtained is of little practical use, as it does not 
show the true form of the section ; but the latter can be readily obtained 
by using a new XY line parallel to the secant plane, as shown in Problem 
18'8. 

3. Inclined to both planes of projection. 

The sections obtained are seldom of any practical use, and will not 
be dealt with in this chapter. 

A section by an inclined secant plane is more useful as an acade- 
mical exercise than for any ojjher purpose, as it does not show the true 
shape of the object. To obtain the true shape, the plane of projection 
■must he parallel to the secant plane, 
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The simple cases of inter-sections of planes with solids and the 
resulting sections will only be treated of in this chapter. 

Sections by planes perpendicular to one and parallel to the other 
plane of projection according to the conditions given. 

The secant plane is represented in plan or elevation by a line, called 
the Section Line, usually represented by the letters LM. The problem 
is usually stated thus — “To draw a section or sectional plan or eleva- 
tion of a given object on a line LM.” This means that it is required 
to show the section or sectional plan or elevation of the object made 
by a horizontal or vertical plane LM. 

It must be remembered, firstly, that the XY line must be drawn 
parallel to the section line if it is required to obtain the true form of 
the section; and secondly, that the portion of the object between the 
observer’s eye and secant plane is assumed to be cut off and removed. 
Xo part of it, therefore, can possibly appear in the result. 

Problem 185--The plan of a tetrahedron (1 inch side) is given, one 
face resting in the H. P., and one edge making 15° with the Y. P. Draw 
a section on a line parallel to the Y. P. and | inch from the nearest 
corner of the plan of the tetrahedron. (Plate XYI, Fig. 3.) 

Draw the XY line making 15° with the edge ab, and LM., the sec- 
tion line, parallel to the XY line and half-inch from the point c. Pro- 
ject up the elevation. Mark each point where LM cuts each edge of 
the plan of the tetrahedron by numerals, going round the solid up- 
wards from left to right. (It is most important to follow some prin- 
ciple in this lettering, as in more intricate figures it is easy to get con- 
fused.)- Xow LM cuts ac in 1. Project up from 1 till the projector 
cuts a'^ c^ in V . LM cuts dc in 2. Pjoject up from 2 till the projector 
cuts cP d in 2h Do the same for 3. In the elevation join tie points 
1', 2^, 3^ and the result is the required section, showing the true shape. 
As only the section is asked for nothing else should appear in the result, 
but to show the working the rest of the solid is shown dotted. This 
would, how'ever, be shown as a “result” if a sectional elevation had 
been asked for. 

Problem 186— A pentogonal prism (13/5 inch edge of base, inches 
long) rests with one edge of the base in the H. P. and perpendicular 
to the Y. P., the side containing that edge being inclined at 20° to the 
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H. P. Draw a sectional plan on a line LM about 1 inch above and 
parallel to the H. P. (Plate XYI, Fig. 4.) 

In the same way as in the last problem, number consecutively each 
point where the section line cuts an edge of the solid in elevation, going 
round the solid from left to right. Project each point down on to the 
plan of the corresponding line and obtain the section as shown in Fig, 4. 

Problem 187 — A cylinder (base 1 inch diameter, height 2 inches) 
has its axis parallel to the ¥. P. and rests on a point of the edge of the 
base in the H. P. The base is inclined at 60° to the H. P. Draw a 
sectional plan on a line LM .., parallel to the H. P., and passing through 
the corner of the upper base of the cylinder as shown in elevation. 
(Plate XYI, Fig. 5.) 

On one end of the base in elevation, draw a semi-cncle. Draw any 
number of generators as a.', a/ , V , 6', etc., and produce these to meet 
the circumference of the semi-circle in Iv , V , etc. 

Figure each point where the line L'M cuts a generatrix with the 
numerals I'', 2^ 3^ etc., and project these points down on to the plan 
of the axis of the cylinder. LM cuts r' in V. Project down P on 
to the plan, and mark the point, obtained 1. LM cuts fd in 2^ b- h' 
in 3^ etc. Project each point down to the axis and lay off on each 
side of the axis the heights a/, b', V, etc., obtaining the points 2/3^ 

etc. The completed section is an ellipse. 

Sections by planes perpenclictilar to one plane and inclined to the 
other plane of proiection. 

The procedure in this case is exactly the same as that already 
described. Great care should be taken to number the secant points 
consecutively, going round the solid from left to right. The result, 
however, does not show the true form of the solid, and to obtain this- 
a second elevation must be made on an XY line parallel to the secant 
plane. 

Problem 188 — An octahedron (1 inch side) lies with one face in 
the H. P. Draw a sectional elevation on a line LM making an angle 
of 45° with the Y. P. Also show the true shape of the section. (Plate 
XYI, Fig. 6.) 
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Draw the elevation. Number the secant -points in plan, in accord- 
ance with the principles laid clown, and obtain the sectional elevation. 
The left hand portion of the solid as shown in dotted lines in the eleva- 
tion should not appear at all, and is only shown so. that the construc- 
tion may be followed easily. 

To obtain the true form, draw an XY line parallel to LM. Prcject 
up each of the secant points 1, 2, 3, etc. Now as the same point m 
every elevation of an object will always be the same height above 
the XY line, the height above the XY line of each , 2^^, etc., can 
be obtained by measurement from the first elevation, and the true form 
of the section obtained. 

Problem 189 — A hexagonal pyramid (J inch edge, IJ inches height) 
rests on its base in the H. P. Draw a sectional elevation on a line LM 
parallel to an edge of the base, and also show the true form of the sec- 
tion. . (Plate XYI, Fig. 7.) 

This example is worked in exactly the same way as the last, and is 
only introduced to show (in the next problem) that the section of a cone 
can be obtained by considering the cone a jiyramid of an infinitesimal 
number of sides. 


Problem 190 — A cone (diameter of base lA inches, height li^- inches) 
rests on its base in the H. P. Draw a section on a line LM making 22° 
with the ¥. P., and show the true form of the section. (Plate XYI, 
Pigs. 8 and 9.) 

Method — Eegard the cone as a pyramid with an infinitesimal 
number of sides, and proceed as in last problem. Draw the projections 
of any number of generatric ha, lib, he, etc. Project up the point 
where LM cuts the plan of each generatrir, till the projector cuts the 


elevation nf the generatrix. These will give any number of points on 


the curved outline of the section. 

Method JJ— Eegard the cone as composed of any number of con- 
centric circles of various size. 

• Draw the plans of these circles and project up the points a, h, c, 
where they cut the plants of the outside generatrics, vs and vh, to the 
elevations of the generatrices, obtaining the points a, b, c. Through 




draw lines parallel to the XY line. 
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These lines are the elevations of the circles of which the plans luive 
been drawn; and the points where the section line LM cots the plans 
of the circles, viz., 1, 2, 3, etc., may be projected up to the correspond- 
ing elevations and the points 1, 2, 3, on the curve obtained. The 
vertex of the parabola is obtained by drawing a circle a 4 to touch 
the line LM. The true shape of the section may be now obtained in 
the usual way by taking an XY line parallel to the secant plane. 

Problem 179 — To draw the plan and elevation of an octahedron 
rests on its base in the H. P. Draw the sectional plan made by a plane 

perpendicular to Y. P,, and parallel to one generatrix. Show the true 
shape of the section. (Plate XYI, Fig. 40.) 

Proceed by the method shown in Method II, Problem 190. Diaw 
the plan and elevation of any number of concentric circles a, h, o, etc. 
Project down on to the plan of each circle the point where LM cuts the 
elevation and obtain the required sectional plan. 

To obtain the true shape strictly in accordance with the “Principle 
of Potation” as laid down on page 113, we should now rotate the 
elevation, keeping the point 1' fixed as a hinge till the line LM rests 
in the H. P., and obtain the true shape of the section by the method 
used in Problem 181. This, Eowever, is a cumbersome method for the 
more advanced Students, who should now have grasped the principle. 
Take a line hx-'s ■ parallel to LM. to represent lis in its new position. 
Project down from 1', 2', 3', etc., on to A, ’S, and lay off on each side 
of the distances 1, 2, 3, etc., from hs in the plan. The results 

are points on the curve showing the true section- a parabola. 

Exercises 

1. A cube (1 inch edge) rests on one face in the H. P. with one face 
inclined at 20° to the V. P. Draw a sectional elevation on a line 
passing through the centre points of two adjacent edges of the base. 

2. A pentagonal prism (edge of base 1 inch) rests on one long edge 
(3 inches long). The inclination of one of the faces containing this 
edge is 20°. Draw a sectional elevation on a line passing through the 
centre of the edge on which the solid rests and making 45° with that 
edge. 

3. A pentagonal pyramid (edge of base 1 inch, height 2 inches) 
rests on its base on the H. P. with one edge of the base perpendicular 
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to the V. P. Draw a sectional plan on a line passing through this 
edge and inclined at 40° to the H. P. Also show the true form of the. 
section. 

4. A square (*2 inches edge) is the base of a pja’amid. Three- 
faces of the pyramid are inclined at 40°, 70^, 55°. The pyramid rests 
with its largest face in the IT. P., one edge of that face being inclined- 
at 45° to the V. P. Draw a sectional elevation on a line parallel to 
the Y. P., passing through the centre of one of the long edges of the- 
face on which the j)yi*amLid is resting. 

5. A cone (diameter of base 2 inches, height 2J inches) has one 
generatrix vertical. Draw a sectional elevation on a line passing 
through the centre of the base and perpendicular to the V. P. 

6. A cylinder (diameter of base 2 inches, length 3 inches) rests on 
the H. P. on a point of the edge of a base, which is inclined at 20° to 
the H. P. Draw a sectional plan on a straight line parallel to the H. P. 
and passing through the centre of the upper base. 

7. An octahedron (1 inch side) has one diagonal verical. Draw 
the section on a line parallel to the H. P. and passing through the 
other diagonal. 

8. A cone (diameter of base 2 inches, height 2 inches) rests on its 
base in the H. P. Draw the sectional plan on a line passing through 
the edge of the base and cutting the outer generatrix in elevation f 
inch from the vertex. Show the true shape of the section. 

9. A pentagonal prism (side 1 inch, height 3 inches) lies on one 
side in the H. P., and one long edge parallel with the V. P. Draw a 
sectioal elevation on a line bisecting the axis at 50°, and show the true- 
form of the section. 

10. Draw from measurement, all plans, sections, and elevations 
required for the working plans to , enable a carpenter to make one of 
the tables in your class room. 

11. A hollow pentagonal prism composed of two concentric pen- 
tagonals (edges 2 inches and 1| inches) is 3 inches long. It is cut. 
into two equal portions by a plane perpendicular to one face and 
inclined at 45° to a base. Draw the plan of one-half when it is rest- 
ing on the section end. 
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12. The base of a iiyramid m inches high) is a square (1 inch 
edge). The pjnamid rests on one of its triangular faces in the H. P. 
Draw the sectional elevation on a line bisecting the plan of axis and 
making an angle of 50° with it. 

13. A cjdindrical pillar (diameter 1 inch, height 4 inches) rests 
concentrically on a hexagonal prism (edge 1 inch, height 1 inch). 
Draw the sectional plan on a line passing through the edge of the . 
upper end of the pillar and the opposite lower edge of the prism, and 
show he true shape of the section. 

14. Draw the sectional plan of a sphere (2 inches diaiheter) on a 
line ^ inch from the centre and inclined at 45° to the H. P. Show the 
true shape of the section. 

15. A rectangular block, 4 inches long, 2 inches wide, and o 
inches high, has on each face a circle described with centre at the 
middle point of the longer side and diameter equal to the shorter 
side. The block rests so that the projection on the H. P. makes an 
angle of 35° with the V. P., and the axis of the block makes an angle 
of 30° with the H. P. Draw the plan and elevation of the block, and 
also, in a separate figure, a’ sectional elevation on a plane making an 
angle of 15° with the V. P. and bisecting the axis of the block. 

16. Two equilateral triangular prisms (side of base 1^- inches, 
length 3 inches) stand on the H. P., each on an edge of the triangular 
end. If these edges are perpendicular to the V. P. and the faces 
containing them make 60° with the H. P., and meet at their top edges 
so as to contain a space . in the form of an equilateral triangle in ele- 
vation, draw the plan and elevation of the prisms, also a sectional 
elevation on a plan parallel to the cutting plane, which bisects the 
line of intersection, and makes an angle of 30° with the V. P. in plan. 

17. A cjdinder (diameter 2 inches, length 3J inches) supports the 
apex portion of a pentagonal pyramid (edge 1^- inches, height 3| 
inches) in the centre of its length, which is perpendicular to the 
V. P. If the pyramid rests on an edge of the base in the PI. P., and 
the face containing this edge makes 45° with the H. P., draw the 
plan and elevation, also a sectional elevation parallel to a cutting 
plane, which passes through the centres of the pentagonal base of the. 
Xijnamid, and the front, circular end of the cylinder. 
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IS. Au oclagoiial slab (side. 1:^ inches, thickness -J- inch) rests 
with its base in the H. P., and supports a ,cone (diameter '21 inches, 
height 8 inches) concen tricall}'. If a pair of ' the opposite sides of the 
slab are parallel to the Ah P. , draw the plan and elevation, also a 
sectional plan parallel to a plane, which bisects the axis of the cone, and 
make 30° with tlie PI. P. in elevation. 

19. A cylindrical rivet (diajneter of cylinder 2 inches, length 21 
inches) having a hemispherical head diameter 21 inches, rests on a 
point of the vertical circular face of its head in the H. P., so that the 
axis of the cylinder is perpendicular to the A^. P. Draw a .sectional 
elevation of the solid parallel to a cutting plane, which passes through 
the left hand extremity of the front circular face of the cylinder, and 

.makes 30° with its axis. 

20. .1 cone (diameter of base 3 inches, height 2 inches) rests on 
its base in tlie H. P., and supports a pentagonal pyramid (side of 
;pentagon 11 inches, height 2^- inches) having its base parallel to the 
H. P. with one side of the base perpendicular to the Y, P. If the 
apices of the two solids meet, and their axes are in one vertical line, 

■ draw^ a. sectional plan parallel to a cutting p)Iane, wdiich is perpend i- 
^cular to the Ar P., and intersects the bases of the cone and pyramid 

at points 1 inch right and left- of their left and right hand extremities 
respectively. 

V.n.— Seale for all the qnestioos other titan question 10 to be fnll size. Scale for 
.question 10 ro be 1 foot to 1 inch. 
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Elementary Projection of Points, Lines, and Planes 

The Student being now familiar with the meaning of Orthographic? 
Projection, the use of the Planes of Projection and the more element- 
ary problems in the Projection of Solids, may now proceed to investi- 
gate the more complicated problems which arise in representing on & 
plane surface objects consisting of a number of intersecting planes and 
lines of various inclinations. 

There are two systems of working out problems in Orthographic 
Projection — ■ 

(i) The Trace Systeai — ^I n this system each line and plane is re- 
presented by its traces in the H. P. and Y. P. 

, ‘The "'Traces of a Line'' are the points in which the original line* 
cuts the Planes of Projection. The point of intersection with the 
H. P. is called the “horizontal trace,'' that with the Y. P. the “vertical 
trace/' 

The ""Traces of a Plane" are the straight lines in which it inter- 
sects the co-ordinate planes. As in the case of lines, they are distin- 
guished as the horizontal and vertical traces of the plane. 

As no two planes can have the same trace, it follows that if the- 
horizontal and vertical traces of a plane are given, the plane can be- 
identified - 

(ii) The Horizontal or Index System — In this system objects- 
are fully represented on the horizontal plane, elevations on vei'tical 
planes being used as in the projection of solids, to work out' problems- 
when necessary. In building, irrigation works, and the representation^ 
of ground, by far the greater part of the detail is requhed on the H. P.,. 
and this system will be used in perference to the Trace Sj^stem. 

If an original point A is projected on to the H. P., and the length 
of the projector is measured, the height of the point above the H. P.: 
is determined. If the height of that point is marked against the plan 
of the point, the position of the point in space is as fully indicated as= 
if both plan and elevation had been drawn. 
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In the same way with a line. Suppose the plan ab of the extremities- 
of a line AB are obtained, and the lengths of the projectors measured 
and found to be three and seven units, respectively. If we mark the 
plans C3 67 we can at any time obtain all information about the line- 
such as its true length and its angle of inclination to the H. P., by 
drawing an elevation on an XY line ^parallel to the Une itself, making' 
the point af three units and h' seven units above the H. P. The ele- 
vation then gives the true lengih of the line, and the angle of inclina- 
tion the elevation makes with the XY line is the actual angle at wliicli 
AB is inclined to the H. P. 

Thus, in the Index System, a projection on the H. P. need only 
be made. The information with regard to the Y. P. is suplied for 
each point by numbers, representing the height of that point above 
the H. P. 

These numbers are called Indices. They are generally written 
below the letter they refer to, as "v. If the point is above the H. P.,. 
no sign is affixed to the index. If it is below the H. P., the sign( — )• 
is affixed. 

If the indices are high numbers, it would be inconvenient in mark- 
ing an elevation to refer them to an H. P. level o. The H. P. may bo 
assumed at any convenient level and figured accordingly ; it is them 
called the “Datum Plane” or “Plane of Eeference”. 

In the actual working plans of a building, etc., these indices are- 
seldom used, except with reference to ground levels. They would be- 
used in working out any complication in the intersection of planes- 
ond lines in the plan, by the methods given in the following problerp.s.. 
Finally, from the indexed plan, all necessary elevation and sections- 
would be drawn for actually working from, and the indices, being no> 
longer required, could be rubbed out. 

Points 

The Horizontal and Yeilical Planes of Projection, commonly* 
called the Co-ordinate Planes are of indefinite extent, and since they 
intersect in the XY line they from four quadrants (see Plate XYlly. 

Pig- 1 .) 

These four quadrants are known as the first, second, third, and: 
fourth dihedral angles. . ' 
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So far in the preceding chapter we have only investigated the 
[.rojection of an object in the first dihedral angle, but it is obvious that 
portions of the object might lie in any quadrant, according to the 
position in wjiich we fix the XY line. 

Take two pieces of jriper and fit them together at right angles, to 
represent the two co-oirlinate planes, forming the four dihedral angles. 
(Plate XYII, Fig. 1.) 

Take four points in space A, B, C, D, one in each dihedral angle 
■•and draw their projections. 

If the two pieces of paper are separated the projections will appear 
.as in Plate XYII, Fig. 2. 

As explained on page 105, some method is required to show this 
result on a plane surface such as a sheet of drawing paper. Join 
the two pieces of paper again at right angles. Eotate the sheet re-, 
presenting the Y. P. on the XY line as a hinge, in the direction repre- 
..-ented by the arrow, till it lines flat on the paper representing the H. P. 
und prick the points obtained on the V. P., on to the H. P. The re.^nlt 
is as shown in Plate XYII, Fig. 3, and is the conventional method of 
obtaining on a horizontal plane the projection of the four points A, 
B, C, D, shown in Fig. 1, situated in four dihedral angles. 

AVe have, however, the power of fixing our co-ordinate planes, 
:ond consequently our XY line, wherever it is most convenient. In 
practice, therefore, an object is usually regarded as situated in the 
■first dihedral angle unless otherwise stated. The Studeift should, 
however, work out the following examples to see that he thoroughly 
grasps the principle of the four dihedral angles : 

Examples 

1. A point A is 1 inch below the H. P. and J inch behind the 

V. P. 

2. A point B is f inch above. the H. P. and 1 inch behind the Ah P. 

3. A point C is I inch above the H. P. and f inch in front of the 
Ah P. 

4. A point D is ’2 inches below the H. P. and | inch in fi’ont of the 
V. P..^ 
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Lines 

The projections of a line are made up by projecting each point off 
the line. 

If the line is a straight line, it lies evenly between its extreme- 
points, and if the projections of the extreme points be obtained and 
joined up, the projections of the straight line will be found.' 

If the line is not a straight line, the projections of a sufficient num- 
ber of points must be obtained in order to get the projections of the line. 

The following are the various conditions under which the projections- 
of a line (AB) may be required : 

1. When the line is parallel to both planes of projection. {Plate 
XVII, Fig. 4.) The plan and elevation will both be parallel to th& 
X'Y line and equal in length to the original line. 

2. When the line is perpendicular to one plane and parallel to the- 
other plane of projection. (Plate XVII, Figs. 5 and 6.) 

One projection wnll be a point and the other equal to the original line 
and perpendicular to the XY line. 

3. When the line is inclined to one and parallel to the other plane 
of projection. (Plate XYII, Figs. 7 and 8.) 

Draw the plan or elevation , (as the case may be) inclined at the given 
angle to the XY line, and project the other plan or elevation parallel 


to the XY line. 

4. "When the line is inclined to one and in a plane perpend icuhii; to 
the other plane of projection. This is not so obvious and wnll be 
explained in the following Problem : 

Problem 192 — Draw the projections of a line AB (41 inches long) 
inclined to the Y. P., at 15° and in a plane perpendicular to the H. P.. 
(Plate XYII, Figs. 9 and 10.) 

Fii*st look at Fig. 9 which represents the case graphically. It is- 
evident, to get the true lengths of the plan and elevation ah and 
a' , h' , we must get a right-angled triangle of which the hypotenuse is the- 
real length AB inclined at 25° to the Y. P. 
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Both projections will be perpendicular to the XY line. In Fig. 10. 
draw an indefinite straight line b a W , perpendicular to the XY line, 
cutting it in a. Draw a B making 25° with this line and equal in length 
to AB. Prom B drop perpendicular B b on to the line b a Then’ 
B b' is, the length of the plan and a W the length of the elevation of the 
line AB in the required position, and maj' be measured off on b a b^ 
from the point a. 

In Fig. 9, the line CD is shown inclined to the H. P at 20° and in 
:a plane perpendicular to the V. P. 

Planes 

A plane may be defined as ‘‘a surface” such that, if any two points 
in it are taken, the straight line passing through them lies wholly in 
•the surface. A plane in space is determined, if we are given — 

(1) two right lines parallel or inersecting lying in the plane; 

(2) a point and a right line lying in the plane ; 

(3) three points lying in the plane. 

As a plane is indefinite in extent, to obtain both projections a plane 
must be inclined to one, or. other, or both co-ordinate planes, other- 
wise it is parallel to one of the co-ordinate planes and only one projec- 
tion is obtainable. Let us take a plane perpendicular to one plane of 
projection and see how we can obtam its projections. 

Problem 193 — Draw a plane inclined at S0° to the H. P. (Plate 
XYII, Figs. 11 and 12.) 

Looking at Fig. 12, in which the jiroblem is graphically represented, 
the elevation is obviously an indefinite straight line inclined at 50° to 
the XY line. Draw the elevations of a series of horizontal planes 
intersecting the given plane at successive equal intervals above the 
LI. P. (say 5 units), in the points 5^, 10', 15', etc. These elevations 
will be straight lines parallel to the XY' line and 5, 10, 15, etc., units 
respectively distant from it. In Fig. II project down the points 
representing the elevations of the intersections of these planes with the 
.given plane, viz., 5', 10' 15'. The plans will be indefinite parallel 
•straight lines perpendicular to the XY line and equidistant from each 
■other. These lines are termed “contours” of the plane, and are shown 
conventionally as double chain-dotted lines- Now draw two parallel 
straight lines perpendicular to the contours to represent a scale, and 
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/Sgm’e 0, 5, 10, 15, etc,, as in Fig, 11. This scale is. called the 
Scale of Slope, and must always be at right angles to the contours. 
.•Conventionally the left-hand line, looking up the scale, is always made 
thick, and the right-hand line thin. 

We have now found a method of determining the projections of any 
plane. If its Scale of Slope is given, its elevation and inclination to the 
H. P. -can be obtained by making an elevation on an XY line parallel 
to the Scale of Slope. 

It must be remembered that the H. P. is always the same; we can 
<only alter its height, but its position is fixed. The V. P., however, 
‘can be put up anj^diere to suit our convenience, so the only case ‘we. 
.need take into consideration is that of a plane of given inclination to 
‘the H. P. Of course a problem may be so stated that the plane is in- 
clined at so many degrees to the H. P. and so many to the V. P., thus 
fixing the Y. P. for that probleni, but this will not assist us in our nrac- 
iical work, and will not be considered in this Manual. 

A .plane is, therefore, determined by its inclination to the H. P., 
.-as shown by the vertical interval of its contoors marked on its Scale 
•of Slope. 'The distance apart in plan of the contours is called the 
• Horizontal Equivalent of a plane inclined at so man}^ degrees at so 
many units vertical interval. In Plate XVII, Fig. 11, the perpendicular 
distance in plan between the contours is the Horizontal Equivalent of a 
plane inclined at o0'° at 5 units vertical interval. The Student should 
thoroughly grasp the above, as he will find it very useful to him v;lien 
.commencing his study of Survey. 

A plane is not always expressed in degrees. It is sometimes referred 
'to as a fraction such as J- (one in two). This means that for every 
nnit of vertical height, the horizontal equivalent is two units. In other 
‘Words, the fraction represents the tangent of the angle of inclination. 

In the Problems now given, when it is required to -'draw a plane,’’ 
It is the Scale of Slope of that plane which is wanted. In the sam<^ 
way if it is required to draw a line, or find a point it is the plan of that 
;]ine or point which is required. 

In certain cases freehand drawings are given, showing practically 
the methods of working out the problems. These should be further 
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•explained in Class by models. Altliougii a plane is of indefinite ext'ent.. 
in these practical drawings it is shown bounded by a rectangle . 

• Ifi all problems and exercises, a nuiform scale of 10 nnits to an inch' 
is used unless otherwies stated. 

Each of the ten elementary problems now’ given are so arranged as- 
to lead up to Problem 204, Plate XIX, which is a practical example of 
the application of each of these problems to a piece of work which any 
man may be called upon to do in his daily work as an Engineer". 

Problem 194 — Through a given line to draw a plane of given inclina- 
tion (Plate XYII, Figs. 13 and 14.) 

Let a^Q 620 be the given line through which it is required to draw 
plane incline at 75'". Eeferring to Fir/, 13, place a cone, the generatrix 
ot which makes 75'" w’ith the base, on an PI. P., level (10). Let rli©-‘ 
height of the cone be 10 units (the difference in level between the^ two; 
ends of the given line AB). Place the line AB so that the end .A (10’ 
units) rests on the H. -P. (10, and the end B (20 units) on the vertex: 
of the cone. Then it is apparent that if w’e rest a sheet of paper repre- 
senting a plane so that it touches the line AB and rests against the cone" 
it w’ill be the required plane as it is inclined at 75° and contains the line? 
AB. 

For the practical construction of this problem turn to Fig. 14. Draw 
an elevation of the line a, 0620 on an XY line, level (10), parallel tO' 
UjQ 620. At the point 620 draw the plan and elevation of a cone, the 
height of which is the difference in level betw’een the two ends of the- 
line (10 units), the inclination being 75° and the vertex at h-. Through 

draw a tangent to the circle which represents the plan of the base' 
of the cone and through a line parallel to the tangent. These are* 
tlie contours of the required plane P, and the scale can be drawm. 

It can further be seen from Fig. 13 that twn planes can be drawn tp> 
fulfil the conditions, one on either side of the cone, and the line AB is^ 
,the intersection of the two planes. The second plane Q is shown in 
Fig. 14. 

Problem 195 — To find the intersection of two planes — 

(i) when the contours of the two planes are not parallel. (Plate 
XYII, Figs. 13 and 14) ; . 
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(ij) when the contours of the planes are parallel. (Plate XYII, 
Figs. IS and 16.) 

In the first case we have alreadj' seen in the last problem that the- 
. intersection of two planes, the contours of which are not parallel, is- 
the line joining the intersection of similarly figured contours of each 
plane. The intersection of the two planes P and Q (Fig. 14) is the 
linec/;o^2D* 

In tlie second case, b}' referring to Fig. 15, it will be evident that 
Jhe. intersection of two planes, the contours of which are parallel, is a 
a straight line parallel to the contours. Let the two planes (Fig. 16) be 
F and Q inclined' respectively at 56° and 76°. Draw an elevation of 
'the planes on an XY line parallel to the Scale of Slope, and find 
the point of intersection of the elevations. Project down a- on to the- 
.Scale of Slope of the two planes and figure the point obtained, which 
is 18 on both Scales of Slope. 

Problem 196 — Through a given point to draw — 

(i) a plane parallel to a given plane; 

(ii) a line parallel to a given line. (Plate XYIII, Fig. 1.) . 

Let C 7 , be the given point and P the given plane, and C 21 

‘given line. 

It is evident that' if a plane or line in space is parallel to another' 
plane. or line, the plans and elevations must be parallel, therefore the- 
contours and scales of slopes of the planes are parallel, and the- 
contours of both planes are the same distance apart. Further, ihe 
indices must rise or fall in the same direction. 

Through [Fig. 1 ) draw a plane Q the contours of which are the- 
same distance apart as those of the given plane P. Index the. scale in 
the same direction. 

. Secondly, through r.^ draw a line parallel and equal to 

Then since the difference in level between the. extremities of the given, 

line is S, the extremity of the new line may be figured cl 

Problem 197 — To pass a plane through two given intersecting lines - 
or through three points not in the same straight line. (Plate XYIII,. 
Fig. 2.) 
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The two conditions are obviously identical. Let ^^3 ftg and 
be two straight lines which intersect at the point or } *t bg 
"he three given points. On % bg find a point r/7 by means of an ele- 
vation, Join dy C7 . This line is the (7) contour of the required plane. 
Another contour can be drawn through cig and the scale graduated. 

Problem 198 — Through a given point to draw a line perpendicular 
io a given plane, and to find the distance of the point from the plane. 
^(Plate XYIII, Fig. 3.) 

Let.'/ 7 be the given point and P the given plane inclined at 45°. 
If a line is perpendicular to a plane, it is evident that its plan miist be 
'perpendicular to the contours of the plane, therefore any straight line 
^drawn through 6^7 perpendicular to the contours of the plane P will 
•represent the plan of the required line. 

To find the distance of A from the plane P we must find the point 
where the perpendicular from A intersects the plane P. Make an 
r elevation of the point and the plane. Through draw a line b' ner- 
pendicular to the elevation of the jilane P and intersecting it in the point 

• h'. Then b' is the elevation of the perpendicular drawn from A to 
the plane P, and ¥ is the point of intersection : Project b' down on to 

"ihe plan of the line which can then be indexed b 3 from the elevation. 

Problem 199 — To find the point in which a given line intersects a 
: given plane. 

This problem is worked in the same way as the last by making an 
•elevation of the plane and line, and projecting dowm the point of intcr- 
- section. It is left as an exercise for the Student. 

Problem 200 — In a given plane and from a given point in the plane 
“to draw a line of given inclination. (Plate XYIII, Figs. 4 and 5.) 

Let P be the given plane inclined at 45° and % a given point in the 
plane. It is required to draw in the plane P from % a line inclined at 

:.30o. 

Turn to the sketch {Rig. 4.) In the plane P place a line AB inclined 
at 30° to the^H. P., and project down the point B wdiere the line cuts 
-the 10 contour of the plane P., Then cig b^g is evidently the required 
j-plan, and further a second line cig Cio may be obtained fulfilling the same 

• conditions. 
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To work the Problem out on paper turn to Fig, 5, Make an eleva- 
-tion of the plane P and the point o^q. A la}* off a line inclined at 
-'30° to the H. P. , and where this line cuts the level (PO) obtain the 
point b. Project down V then aJ V is the plan length of the required 
iline and may be laid off from % between the 0 and 10 contours of the 
plane P,n giving the lines b^Q and co^c q. 

It is evident that if the inclination of the line is greater than the 
inclination of the plane, the problem is im]3ossible. 

If the inclination of the line is equal to the inclination of the plane 
-nnp' one line will be obtained perpendicular to the contoui’s of the plane. 

To FIND THE TRUE FORM OF ANY PLANE FIGURE 

AVe now come to an important principle in Solid Geometry, how to 
_find the true form of any plane figure, and consequently how to measure 
the angle betw^^en any two right lines or two ijlanes in space. (X’ompare 
page 118.) The principle is to find any convenient contour of the iilane 
'Containing the figure, and using this as a hinge to turn the figure up or 
down into the horizontal plane of the level of the hinge. 

For instance, in Fig. 6, take the polygon A.q B4 C3 D14 E (-• 
the edge 0311,4 find a point F^o- Join F-q and using this as a 

.hinge, turn the points E, and D .i down , and the points c ^ 0.., up into he 
,H. P 10 thus obtaining the true form of the j)olygon. This process is 
.termed ‘'Constructing” or ‘ T-vahatting” a figure. All points in the 
true form of any figure obtained by "constructing” will be marked by 
-capital letters. 

Problem 201 — To find the true form of a given polygon and to 
.“measure the angles between the lines bounding the polygon. (Plate 
XYIII, Figs. 6 and 7.) 

Let 64 C3 c 6 be-" the given polygon. In 0^ h 4 find the 
point /30 by Problem 197. Join a 0/10 representing the 10 contours of 
the plane containing the polygon. Make an elevation of the plane and 
project up each point obtaining the points c’ b' a' dJ ek With cerave 
^■£ 1 ^ (representing the hinge) and radii cd b\ a- ck, etc., turn the 
'h^ o' etc., up and doivn to tlie XY line, obtaining o’' d'^ e'd Fi’om 


146 


CHAPTER . YITI 


tliCvSe points draw projectors down till they intersect with lines drawn 
through C.3 64 C44 paralled to the XY line. Join the points so obtained 
VI'., G, B, D, E, and obtain the true shape of the polygon, and tlie- 
angles between any two lines bounding the polygon can be measured. 

Problem 202 — To measure the angle a given line makes with a giveni 
plane. (Plate XVIII, Pigs. 8 and 9.) 

Let bz be the given line and P the given plane inclined at 65°' 

From a consideration of Fig. 8, it is evident that if a perpend iculaiT 
AH is dropped from any point A in tlie line AB on to the plane, the* 
■angle between the line and the plane is the angle' AIH. I being the- 
point w’here the line intersects the plane. In Fig. 9, draw an elevaiiom 
ot the line and plane and find tlieir iDoint of intersection i'. Eromi 
any point, say a.^, draw a’ /F a perpendicular to the plane. The pointS’- 
t and h can be figured from the elevation. Then <^2 J1.5A7.5 is* 

the angle the line makes with the plane, and if constructed down into* 
the horizontal plane level 2 (Problem 201), the true form of the angle- 
a I H is obtained and is found to be 67*^. 

Problem 203 — To measure the angle between two given planes- 
(Plate XYIII, Fig. 10.) 

Let P and-Q be the given planes. If the Student makes a model he' 
will see that if we take any auxiliary plane E at right angles to the* 
intersection of the given planes, the intersection lines of the auxiliary 
plane and the given planes will give the angle the two planes make with- 
each other. In Fig. 10 find % b ^ the intersection of the given planes,- 
and draw its elevation. Draw the elevation of an auxiliary plane per-- 
pendicular to d ij', and draw its t>lan and scale of slope. Find i' the= 
point of intersection of the auxiliary plans E and a' h' and find its plan- 
i. Then cl i c is the angle between th.e two planes P and Q and if con- 
structed into HP (0) gives the true angle cl I c — 51°. 

Prcblem 204 — Draw the controured plan of an earthen embankment 
under the following conditions. (Plate XXIX, Fig. 1.) 

Scale 1 coiuours 1 foot vertical interval. The ground slopes up from the right-- 

liand top corner of the paper which is level (+5) The top of the embankmenD is 10 

feet broad and parallel to the ground. The left-hand edge of the top of the embankment, 
may be drawn 2 inches from the bottom of the paper and is 71 feet above ground level. - 
(Line AB.) 
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l?Toni this edge the earth slopes down to ilie left at — for a width of 10 feet. The slope 

Then continues at till it meets the ground. From the right-hand edge of the top of the 

..embankment the earth slopes at j till it meets the ground. A benn of 4 feet is left and 
then comes a borrow pit. The near slope is j. - The bottom of the i^it is 3 feet wide, 
parallel to the ground and everywhere 2 feet deep. A point C, level 8-5 feet is given where 
-the further slope of the bqrrow-pit meets the ground. 

There is a road leading perpendicularly through the embankment, 10 feet wide at 

: bottom, with side slopes I’oad crosses the borrow-pit by a wooden bridge. 

At a point D, level 20 in tHie centre line of the roadway, a wooden pole is to be planted 
^pcrpendiculan' to the left side slope of the roadway. Show its point of intersection with 
the slope. 

A pipe line runs from the point E, level 19, to F, level 14. Show' the points where i^i 

• .enters and leaves the embankment, and the angles it makes with the slopes on entering 
and leaving the embankment. From a point G17 on the embankment a path inclined 

.at 200 runs dowm the further slope. 

Further, it is required to find the angle the left-hand side slope of the road makes 
- with the further slope of the embankment, and the angles the boundary lines of the left 

• hand side slope of the road make wdth each other. 

The first thing to do is to draw a plane inedined at by Problem 

.193, No. 5 contour being at the right-hand top corner of the paper. 
This represents the ground. Draw the line AB for the near top edge 

• of the embankment 2 inches from the bottom of the paper. As tins 
■ .-edge is 7-^- feet above ground level, the points where it cuts the ground 
-contours 11 and 12 will be levels 181 and 193-. The levels 16, 17, 18, 
.19, 20, 21 may now be obtained and marked. 

Dealing with the near slopes we now have to pass a plane inclin- 
-ed at 1/5 through the line AB by Problem 194. The width for this 
•slope is 10 feet which gives the terminating line of this slope. Through 

this line pass a plane of by Prolfleni 194 till it intersects with the 
.ground plane. 

Tliis intersection line will be obtained by Problem 195. The top 

• of the embankment is parallel to the ground t^lane and 10 feet wide. 
"Through AB pass a plane parallel to the given ground plane by Problem 
; 196, and obtain the further edge of the top' of the embankment. 

Through this line pass a plane inclined at and obtain its inter- 

: section with the ground plane. The berm is 4 feet wide. The near 
slope of the pit may then be drawn at J. The bottom of the pit is 
: 3 feet wide, parallel to ground and everywhere 2 feet deep. The 

• contours of the bottom will, therefore, be contiuuations of the ground 
-contours but marked 2 feet lower. 
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Now we are given a point level 8^^ on the upper edge of the fiuther 
slope. Take two points, say 7 and 8, on the further edge of the bottom^ 
of the pit, and through these three points pass a plane by Problem 1177. 
Pind the intersection of this 'pl^ne with the ground. 

Find the inclination of the plane by Problem 193. 

The roadway is 10 feet wide at bottom and perpendicular to the- 
embankment and the side slopes are j. Draw^ two lines rej)resenting 
the bottom of the roadway 10 feet apart. Through any tw^o points on 
these lines obtained by the levels of the ground contours, pass planes^ 
inclined at ~ , and find their intersections with the embankment. 

From the point D, level 20, a pole is to be placed' perpendicular to 
the left-hand side slope of the roadway. The plane of the pole wilh 
of course be perpendicular to the contours of the plane, and its point 
of intersection may be obtained by Problem 198. 

The pipe line E 3 P-^ may now be put in and its intersection^ 
found by Problem 199, and the angles it makes with the slopes by 
Problem 20‘2. A pathway leads from G, level 17 down the further* 
slope inclined at 20''. This may be done by Problem 200. From a. 
point place a line inclined at 20'' in a plane inclined at 1. 

The angle between the left-hand side slope of the road and the* 
further slope of the embankment is 132°, and may be found by Problem. 
203. 

The angles which the boundary lines of the left-hand side sloije ofi 
the road make with each other may be found by Problem 201. They 
are, starting from the bottom of the paper and going round from left 
to right, 57°, 143^, 158°, 150°, 32o. 

Exercises 

1. The plan of a line ^3 6^^ as 11 inches long. Find its inclina-- 
tion and true length. 

2. Which is the largest, the horizontal equivalent of a phine of: 
.75° or a plane of 25° at 5 units vertical interval? 

3. and I32 (2 inches apart) are the plans of two point's in space... 
Pind the real distance between (he two points in ^pace. 


10 . 

11 . 
at 72° 

12. 
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4. Draw the plan of a line AB (2 inches long) when it is inclined 

at 45° to the H. P., and parallel to the V. P., and also when it ia- 
inclined at 90° to the H. P. 

5. Diaw the scales of slope of planes inclined at 70°, p and 20° 

6. The contours of a plane are -1- an inch apart in plan at 5 units - 
vertical interval. Find the inclination of the plane. 

7. Draw the piojections of a line (3 inches long) inclined at 45°' 
0 the H. P. , and m a vertical plane inclined to the XY line at 20°. 

8. A cube 2 inches square rests with one edge in the H. P?. the- 

face containing that edge being inclined at 30°. What is the inclina- 
lion of its diagonals? 

9. A rectangular box is 5" x 3'^ x 2". Find the length of its diagonal... 
Through a hue a. b.., draw a jolane inclined at 1/5. 

The contours of two planes inclined at 45° and 60° intersect^ 
Find the intersection of the planes. 

Two planes inclined at I .50 and VS* have their contonrs- 
perallel and then- .scales of slope rise in the same direction. K„d their- 

intersection, . 

1-3. Draw^ three parallel lines at intervals of 1 inch. The outer- 
ones winch are respectivelv at the levels 10 and 20 are contonrs of planes 
winch mtersecl hi the third line. The plane passing through the 

contour 10 is inclined at 60’. What is the inclination of the other- 

plane ? 

14. A window shade, lO'xlS', slopes downwards from a wall at. 

• Draw another window shade of the sam.e slope 10 feet hitcher- 
up the wall. ' . ■ o 

lo. The handrail of a straight staircase rises at 30° from level’ 
eer to level 24 feet. From a point level 22 feet immediately a-bove- 

the commencement of the first handrail draw a second one parallel to 
tile nrst. 

16. a 0 5,3 c, are points on the top of the walls of a house anT 
are at the corners of an isosceIe.s triangle. Base ab = W, height of 
tnaugle 20'. Draw the plane of the roof passing through these three- 
points, and find its inclination. 
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17. Three points % ^>21 ^27 t’or'ii in plan an equilateral trianple 
of 21 inches side. A point d lies in the .same plane as the three gi\en 
points and is distant on plan -2 inches from a-, and' 11 inches I'rom c. 
iDetermine the index of cl. 


18. The base of a telegraph pole iO feet high is 4 feet from the lo^ver 
eclge of the slope of an embankment inclined at j . Draw the stay 
of the telegraph pole which enters the embankment at right angles to 


dhe slope. 


19. The plan of a line AB, inclined at 35°, makes an angle of 
65°- with the contours of a plane inclined at 60°. Tire point B m 
■'the line is 5 units vertically above the 0 contour of the plane. Determine 
the point of intersection of the line and the plane when they are 
sloping in opposite directions. 


20 . 

.ago 6go 

.at 45°. 


21 . 


Do 


the 


22 . 

.Show a 


The points a b c form an equilateral triangle of 3 inches side, 
if the plan of a line and b c is the 20 contour of a plane inclined 
Determine the intersection of the line and the plane. 

The angular points of a .square are marked cCq 6^5 Cg 
diagonals really intersect? 

An embankment is 30 feet high and its side slopes are p 
road leading down from the top to the bottom inclined at 20°. 


23. The contours 0 and 10 of a plane are 1 inch apart in plan. 
In the plane draw two lines each really 2 inches long, one having the 
.greatest and the other the least possible inclination. 

24. Thvo lines at right angles in plan intersect at a point whose 
index is 18. One is inclined at 32° and the other at 48°. Eacl; line 
is really 2 inches long. Determine the inclination of the plane con- 
staining the lines. 


25. a — 65 b — ^ Cg cZjg e.j are the angular points of a pentagon of 
■2 inches side. Find its true shape.. 

26. The plans of two lines a^ c,.,.j and b^„ are each 2 inches 
long and intersect at right angles. • 

Determine the real angle between the lines, and from a point c.g 
■draw- a line cd (making CD 3 inches long) perpendicular to the <plaue 
'Containing ABC. Measure its length in plan. 


ELEMENTARY PROJECTION OF POINTS, LINES, AND PLANES * 151 

27. fijo b- Cg f7g are the four corner points of a square of 2 
inches side, hcl is a contour of a plane inclined at 40°. Find the angle 
the line ac makes with the plane. ' ^ 

-8. The two side slopes of the nose of a stone breakwater are 
inclined at 60° and 50°. The plan of the top is an equilateral triangle 
20 feet side. Pind the angle of inclination between the side slopes, 

29. Two planes are each inclined at 50° and their contours 

intersect at 30°. Determine the angle contained between the two 
planes. 

30. The ground slopes from the left-hand upper corner (level D 
of the paper diagonally across at ^ to the right-hand bottom corner 

Scale — . Contours one foot vertical interval. A rectangle 12'xI5' 
m the centre of the paper represents the top of a mound. The level 
of three of the corners is 9, 8, 10 in succession. The slopes of the four 
side are 1^; 30°, 45°. Draw the mound. 
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ISOMETEIC PEOJECTION 

Isometric A^rojection is a conventional manner of representing objects 
which have their princixial planes at right angles to each other, such 
as buildings, machinery, etc. The result somewhat resembles a 
perspective view, with the advantage that the lines situated in three 
visible planes at right angles to each other, retain their exact relative 
dimensions, and can therefore be measuind by reference to the same 
scale. For this projection only one drawnng is requhed instead of 
several, as is the case in Orthographic Projection. 

In Isometric Projection the object is always in a fixed and con- 
stant position with regard to the plane of projection which is the 
H. P. This position is such that the three principal rectangnlar axes 
or edges of the object (such as the length, breadth, and height of a 
rectangular prism) shall be equally inclined to the H. P.; and all 
straight lines, coincident with, or parallel to, those axes are drawn in 
proportion to the same scale. These axes are called Isometric Axes, 

The position is best explained by the orthographic projection of a 
cube resting on a point 0 in the H. P., the diagonal passing through 
that point being vertical. {Plate XX, Fig, 1). The plan of the cube 
in this position is the Isometric Projection of the cube, the thiee 
principal rectangular edges, the length, breadth, and height being all 
equally inclined to the plane of projection. These three edges OX, OY, 
and OZ are now represented in j>lan by the lines ox, oy, oz making 120 
with each other, and are the three isometric axes. 

To obtain the isometric projection of any object it must be placed 
in this position, and the method is best explained by the following 
problem :■ — 

Problem 205— To draw the Isometric Projection of a hollow rectangular 
prism 2 inches broad, 2^- inches long, and 1 inch high. The prism is I 
inch. (Plate, XX, Figs. 2 and 3.) 
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Fil’st draw the plan of the hollow prism resting on one face and 
letter it. Take anj^ two convenient lines at right angles to each other ; 
in this case the length ah and the breadth ad, and mark them Oi 
Oi Yi corresponding to two axes. The third axis 0 Z cannot be 
shown in this orthographic plan but is an imaginary line 0^ Z^ per- 
pendicular to Oi Xx and Oj and corresponding with the height 

of the prism. We must now tilt the figure so that it rests on the point 
0 and the axes OX^ OYi and OZ^ are equally inclined to the H. P. 
Draw three lines {Fig. 3) making T20° with each other, and figm^e 
them OX, OY, OZ. Draw OZ straight up the paper. These are the 
three isometric axes. The line ah being coincident with 0^ X^ must 
be measured along OX, oh being coincident with Oj Y^ must be 
measured- along OY. Draw DO parallel to OB and BO parallel to 
OD, obtaining 0 B C D the isometric projection of the bottom of the 
prism. 

The height 1 inch can now be set up along OZ and on. lines drawn 
parallel to OZ through B, 0, and D. The top of the prism can now 
be drawn parallel to the bottom. To obtain the hollow internal 
rectangle shown in plan by the points e f cj h, measure from 0 a 
inch along OX, and a J inch long OY, through the points so obtained 
draw parallels to OY and OX obtaining the point E. The remainder 
'of he points can be obtained in the same manner, and the isometric^ 
projection completed. 

The Isometric Scale 

If the Student refers to Plate XX, Fig. 1, he will notice that the 
edges of the cube in the isometric projection are somewhat shorter than 
the real length of the edges. The square /XkE has become the rhombus 
f 'X h e. The diagonal jU being parallel to the plane of projection 
remains its original length; 

On fh as diagonal describe a square /X/iE, representing the true form 
of the face of the cube. Then since the angle X//t is 45° and the angle 
X f h is 30° . 

.\Xf :xf : : sin 120° : sin 45h 

: Vs * a/5 

which is the relation between the real length of a line and its isometric 
projection. Eroin this it is apparent that the isometric projection 
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drawn to the natm*al or orthographic scale in Fig. 3 is somewhat larger 
than it should be, and to obtain the true size of the prism, the original 
length of each line should be reduced in the proportion of Vs V~ 
when plotted on to the isometric projection. To enable us to do this 
we must have an Isometric Scale. 

In practice this is seldom used, and if the natm’al or orthographic 
scale is employed all rneasiu'ements can be taken, and the projection 
will only be slightly exaggerated. The Student should, however, know 
how to make an isometric scale if necessary. 

Problem 206 — To draw an Isometric Scale. (Plate XX, I.) 

Draw a right-angled triangle ABO, of which the side AB— -the 
side BCi=one unit (say, 1 inch). Then, since AG^,=AB^ + BG^,' the 
hypotenuse AG,=. V^- Along BA produced measure BD.= AG. Join 
DG. Then, since DQ^'=DB^ + BG^ .‘. DG= V^- iMeasure the scale 
of the drawing (in this case 1 inch is taken) along DG, and project each 
of the divisions on to DB, and draw along DB produced the isometric 
scale proportional to the natm’al or orthographic scale measured along 
DG. 

Lines not paeallbl to the Isometeio Axes 

The position of these lines must be fixed on the original by means 
of co-ordinates or offsets referred to the principal axes, and these co- 
ordinates transferred to the isometric axes as in the case of the point 
E, Problem 204. 

Problem 207 — To draw the Isometric Projection of a pentagonal 
pyramid (1*1 inch edge of base, height 2 inches). (Plate XX, Figs. 

5 and 6). (Natural Scale.) 

Draw the plan of the pyramid (Fig. 5). Ghoose any two convenient 
directions for the axes 0^ Y^. To obtain the point 

from b drop a perpendicular b f on 0^^ X^ . Measure the distance a f 
along OX {Fig. 6), and obtain the point P. Draw EB parallel to OY 
and equal to fb, and obtain the point B. In the same way the other 
points in the base may be obtained. To find the vertex draw kv parallel 
to Oi X|. Make KY' equal to kv, and parallel to OX. Prom 
Y^ draw Y^Y parallel to OZ and equal to the height (2 inches). Join 
the vertex Y with the points of the base. 
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If a certain corner, e.g, corner a, is required to be to the front, 
the axes 0^ X^, 0^ Yi must be so placed as to make the point Oi 

coincide with the corner a, and each of the axes, 0^ and 0^ Yi 
inclined at 45° to av, the bisector of the angle e a b {Plate XX, Fig. 
5). To obtain the point B, from 5 draw a perpendicular b f to 0^ Xi* 
Set off AP equal to a f on OX {Fig. 6). Draw P B parallel to 
OY and equal to / 6, and obtain the point B. Obtain the other 
points in the base in the same manner. To find the vertex Y proceed 
as above. 

Notes 1 — The same process will apply to the case of any regular polygon. 

2. When a side- of the base of any regular polygon is required to be to the front, the 
point OjL must concide with the centre of that side, and each of the axes Oi Xj and 
O, make 450 with the bisector of the side. 

CUEYBS 

We will now consider the application of Isometric Broiection Lo 
curved lines. 

The isometric projection of a circle is an ellipse. In Plate XX, 
Fig. 7 , a b c d is the plan of a cube in the faces of which circles have 
been inscribed, and Fig. 8 represents the isometric projection of the 
cube. 

Then, as the projection of one of the diagonals of each face of 
the cube, and consequently one of the diameters of the circle, is of 
the same size as the original, we have at once the major axis of the 
ellipse, which the projection of the circle forms, and these circles 
touches each side of the square, we have also four points in the cir- 
cumfei’ence of the ellipse, and we have only to find the isometric pro- 
jection of its minor axis. Prom the intersections of the diagonals of 
the faces of the cube set off on the major axes the radius of the circle 
at u, b, Gj d, G:, /, and through the points thus obtained, di’aw isometric 
lines cutting the minor axes in 1, 2, 3, 4, 5, 6, and we thus obtain the 
length of the minor axes. The ellipse can then be sketched by hand, or 
trammelled by a slip of paper. A similar method to this can be employed 
for determining the isometrical projection of every curve. The principle 
OI the contruction is the same as that already indicated for lines not 
parallel to an isometric axis, and will be fully understood by carefully 
examining the next problem. 
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Problem 208 — To draw the Isometric Projection of a padlock with 
a square staple. (Plate XX, Figs. 9 and 10,) (Natural Scale). 

Choose any two axes Oi O^, Y^, and by the aid of a conve- 
nient number of co-ordinates sketch in the isometric projection of the 
base. Each point so obtained must now be lifted the height of the 
padlock to obtain the finished projection. 

Exercises 

1. Draw the isometric projection of an octahedron (3 inches 
edge) lying on one face. Scale, full size (orthographic). 

2 . Draw the isometric projection of a hollow hexagonal prism 
(edge of base 2 inches, height 4 inches). The diameter of the bore is 
2 inches. Scale, full size (isometric). 

3. A stone cross rests on a pedestal of two steps. The lower 
step is 4 feet square and the next step 3 feet square. They are each 
1 foot high. The shaft of the cross is 6 feet high and 1 foot square. 
One foot from the top the arms of the cross each project 1 foot and 
are 1 foot square. Draw its isometric projection. Scale to 1'' 
(orthographic). 

4. A box is 2 inches long, 11- inches wide, and 1 inch high. ' It 
has a lid semi-circular in section. Draw the isometric projection when 
the lid is open at an angle of 30°. Scale, full size (orthographic). 

5. A cube of 3 inches edge has its top edge levelled off to an engle 
. of 45°, so that its top face becomes inches square. Draw its isomet- 
ric projection. Scale, full size (orthographic). 

6 . A rectangular w^ooden case is 2 feet 6 inches high, the top 
being 1 foot 6 inches square. It is supported by four legs- at the corners 
1 foot long and 2 inches square. At the top is a circular hole I foot in 
diameter, and in the middle of each side is a rectangular opening 4 
inches high and 6 inches square. Draw an isometric projection nc'o- 
lecting the thickness of the wood. Scale, to D (orthographic). 

7. "' A carpenter’s tray is 7 inches long and 5 inches broad and 
82 * inches high. The wood is inch thick. There is a central parti- 
tion across it J inch thick. In the left-hand portion fits a tray 3J'' x 
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41" X 2" deep, being let into the wood by cutting a quarter of an inch 
off as a support to the tray. The tray is divided into two equal parts 
by a partition -J- inch thick. Draw an isometric projection. Scale, -J- 
size (orthographic). ’ ^ 

8. Draw an isometric view of an ordinary stool from measm-ement. 
Scale, -2' to V’ (orthographic). 

9 . Make out an isometric vJew of the drawing table mven in 
question 10, page 114. Scale D to 1" (orthographic). 

isometric view of the solid given in question 15 page 
109 ; (a) when a corner of the hexagonal base is to the front, (b) when a 
side of the hexagonal base is to the front. Scale, full size (or-tho- 
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The application of contours to the Delination of 

SLOPING GROUND 

Problem 204, Chapter VIII, show.s how to delineate by the means 
of contonrs any object bounded by intersecting planes. These con- 
tours may be regarded as the plans of the outlines traced on the object 
by a series of horizontal secant planes at fixed equal vertical intervals. 
It, therefore, follows that contuors would be a useful method of deli- 
neating any object even though it is not bounded by intersecting planes, 
and they are the foundation of most methods of delineating, hilly or 
sloping ground. 

The use of contours to show the undulations of the ground can b.e 
seen at a glance by reference to Plaie XXI, Fig. 1. 

In practice, the contour lines of any portion of ground are 
obtained by fixing a series of points on the ground at certain levels 
by means of a levelling instrument, the manipulation of which belongs 
to the study of Surveying (see Survey Manual, page 231). These 
points are then plotted on paper, each series being the requisite vertical 
distance apart. It follows then that by joining up these points, we 
obtain a series of curves, approaching or receding from each other, 
according as the ground between them is more or less steep; since for 
the same vertical interval, the contours will be evidently much closer 
together in plan, - when the ground is steep, than when the slope of the 
ground is gentle. Purther, the nearer the horizontal secant plans are 
taken to each other, the more accurate will be the representation of 
the ground in question. A contoured map thus shows the absolute 
height of any point above a particular level and its relative height with 
reference to any other point. Besides this contours, show the shape 
of a hill, whether it is convex or concave in section, and the exact degree 
of slope whether gentle or steep. 

Plate XXI, Fig. 2, shoh^s a contoured plan of a piece of country. 

It will be seen that it would be impossible to determine whether 
^ contoured plan represents a depression or an elevation unless thQ 

m 


THE APPLICATION OF CONTOURS, ETC. 


m 


contours are numbered. It is, therefore, necessary to select some 
eonvement level, called the~ datum line, from which all heights should 
be measured and numbered. It is, therefore, usual to assume a level 
as ‘‘datum’' which is below the lowest point of the ground shown in 
the sketch, and to draw all sections with reference to this, so that all 
relative heights of the ground may be compared. This is done so that 
all altitudes on the sketch may be above the datum and positive, and 
not below and negative. 

As contours are horizontal and at equal vertical intervals, it follows 
that} one contour cannot join another unless- there is a vertical precipice. 
In this case the contours which disappear or run into each other will 
reappear where the precipice ends as at G. (Plate X<XI, Fig. 2.) 

If a contour forms a ring which does not enclose any other, it may 
be assumed that it represents the top of a hill, as the only other form 
it could represent would be the interior of an inverted cone, such as 
a crater or bed of a lake. 

In projects for roads and railways, it is generally necessary to make 
a section along the proposed line. 

A section show all the elevations and depressions, and whether 
one point is visible froni another, and the amount of cutting and filling 
required. In drawing sections it is usual to exaggregate the heights 
so as to show more striking the changes of a slope which in a true 
section would hardly be perceptible. In such a case a section does not 
give a true picture of the height of the ground. The exaggeration or 
proportion of the vertical to the horizontal scale should be stated under- 
neath the section as “heights to distances 5 to 1.” 

Problem 2G9 — Draw the sectional elevation on the line AB of the 

ground shown in Plate XXI, Fig. 2, (Scale Heights to dis- 

tances ? to 1, 

Take an XY or datum . line parallel to AB of a convenient height 
(o). The contours are 5 feet vertical interval, and are to be exagge- 
rated in the section in the proportion of 4 to 1. 

Draw a series of equidistant lines parallel to XY to represent the 
contour planes at intervals corresponding to the conditions. That is. 
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5x4 = 20 feet. The scale is 7110 ^^' inch. There- 

fore — 

120 : 20 ; :1 : .166 

These lines must be draw,n *16 inch aj)art and figured from 0 to 
40. Now project each point where AB cuts the contours down to 
ihe XY line, and mark the points where the projectors cut parallel 
lines of similar index. Join these points up to obtain the section. 
The elevation can be obtained in the same manner. The standard 
method of drawing as section for a Eoad or Eailway Project can be 
.seen in the Survej^ Manual, Plate XY, and in more detail in Enclosure 
lY of the Pules for the preparation of Railway Projects obtainable from 
the Technical Section, Simla. 

The method of representing ground by means of contours is so 
similar to the conditions investigated in Chapter YIII, that the prob- 
lems therein, given will be found constantly applicable to questions 
•of contoured maps. The practical application of Problem 200 is so 
important, in enabling us to lay down at once on a contoured maps, 
the direction of a road which is not to exceed a certain gradient, that 
Rii example is given. 

Problem 210 — From the point A (Plate XXI, Fig. 3) trace the 
course of a road which shall not exceed the gradient of (Scale, 

1 .V 

4800 ’ 

The vertical interval being 10 feet. The horizontal equivalent 
for ~ will be 200 feet. The scale is 400 feet to an inch, so we can 

2o 

take the distance of half an inch on the compass and lay it off between 
contours. The horizontal distance between A and contour 10 is more 
than 200 feet, so we can draw Ab perpendicular to the contours. From 
h draw an arc cutting contour 20. The arc will cut the contour in 
two points; so there are two directions the road may take. Continue 
the same process for each contour till the top of the hill is reached. 
It will be remarked that there are probably two possible directions for 
the roads as, each contour crossed, but the selection of the actual line 
will depend on ' the conditions under which the road is being made and 
need not be discussed here. 
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